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FOREWORD 


The Shuttle User Analysis (Study 2.2) Final Report is comprised 
of four volumes, which are titled as follows: 


Volume I 
Volume II 
Volume IK 


V olume IV 


Executive Summary 
User Charge Analysis 

Business Risk and Value of Operations In 
Space (BRAVO) 

Fart 1 - Summary 

Part 2 - User's Manual 
Part 3 - Workbook 

Part 4 - Computer Programs and Data Look-Up 
Standardized Subsystem Modules Analysis 
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■1. INTRODUCTION 


The purpose of this study was to provide NASA/MSFC with 
the capability to analyze payloads constructed of standardized modules in 
analyses of future mission models. The method provides weight and 
cost factors to be applied in a fashion similar to the low-cost factors 
presently in use. 

NASA/MSFC is currently utilizing in their capture/cost 
analyses a satellite synthesizing methodology, developed by Aerospace, 
which has the capability of defining three types of spacecraft: current 
design modified for reuse, low-cost expendable, and low-cost reusable. 

The method utilizes the baseline (current design expendable) satellite 
description and uses growth formulas and subsystem growth factors in a 
computer program to define the above three types of satellites. 

The plan for the study was to use an inventory of standardized 
module designs obtained from Study 2. 1 . The characteristics of these 

modules were reviewed for the purpose of reducing the number of different 
modules and increasing the number of applications of each module to obtain 
cost reduction. In order to determine the applicability of the modules 
to new satellites, the driving performance capability(s) (key) of each 
module was identified. Documentation describing four reference satellites 
was reviewed to obtain satellite descriptions, program characteristics, 
and subsystem design parameters used with the key capabilities of the 
modules to synthesize a standardized configuration. The four reference 
satellites were the Synchronous Equatorial Orbiter (SEO), the Orbiting 
Astronomical Observatory (OAO), the Earth Observatory Satellite (EOS), 
and the Domestic Communications Satellite (COM). The baselines for the 
reference satellites were the same baselines which were used in the 

(1) Study 2.1, ’’Operations Analysis," examined space servicing of 

modularized spacecraft. Reference 6 describes the payload design 
activity associated with this servicing study. 
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Lockheed Missiles and Space Company's Low Cost Satellite Study^. The 
standardized referenced satellites were then used in conjunction with 
the baseline satellites to obtain subsystem weight growth factors. 

The standardized subsystem module spacecraft descriptions 
were then used to estimate standardized subsystem and spacecraft costs. 
Allowances for the sharing of subsystem RDT&E costs between users and 
a production rate effect applied to unit costs resulting from multiple use 
are included. These cost estimates were then used with cost estimates 
»;*■ the baseline configuration to develop cost factors. These cost and weight 
growth factors were put into a form so that they could be applied routinely 
as a part of the automated capture/cost analysis techniques at MSFC. 

The output of this study is an addition to the weight estimating 
and the payload cost model computer programs to include payloads configured 
from standardized subsystem modules. 


(1) See Reference 1. 



2. REFERENCE SATELLITES 


The four reference satellites used in this study are the SEO, 
EOS, OAO, and Comsat, which are the same satellites that were used in 
the Lockheed low-cost study. The baseline data for the reference satellites 
are the same as the baseline data used in the LMSC iow-cost study. 

2. 1 PAYLOAD DESCRIPTIONS AND PROGRAM CHARACTERISTICS 

Documentation describing the baseline configurations of the 
reference satellites and the payload descriptions and program character- 
istics was reviewed. Data describing the satellite dimensions, weight, 
destination (altitude and inclination), mission, and lifetime parameters 
are shown in Table 2-1. The following reference documents (see Section 
10) were used to obtain the data presented: 


1 . 

SEO 

Reference 1 


2. 

EOS 

References 2 and 

3 

3. 

OAO 

Reference I 


4. 

Comsat 

References 3 and 

4 


It should be noted that two of the reference satellites are in synchronous 
equatorial orbit and the other two are in low earth orbit, one in low inclina- 
tion and one sun-synchronous. 

An additional report describing the Tracking and Data Relay 
Satellite System (TDRSS) configuration, which was used in Study 2. 1 and 
in this study, is included (Reference 5), since it was assumed that all 
low earth-orbiting satellites used the TDRSS. 

2.2 SUBSYSTEM DESIGN PARAMETERS 

These same documents were reviewed to obtain subsystem 
design parameters for the reference satellites. The general format for 
presenting the data is the same as used in Study 2. 1. These subsystem 
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Table 2-1. Reference Payload Descriptions and 
Program Characteristics 


Payload Name 


Design Parameters 


Mission Parameters 


Orbital Parameters 


Lifetime Paramriura 


Weight Total Required! Initial Launch Altitude c Program Design 

kg No. In No. In I Launch Window km Joel. Long. mps life life MMD Rel. At 

{lb) System System | Date {Hones) (nml) (deg) (deg) (fps) (Years) (Years) (Years) MMD 


l. Sync. Eq. Orbiter 
(SEOl 


2. Earth Obs. Sat. -C/D 
(EOS - C/D| 


3. Orb. Astro, Obs. ■ 3 
(OAO-B) 


4. Domestic Com. Sat 
(Comsat) 


(S) 0.163) 


(16) 17.4) (3.927) 


(17) (7.6) (4,811) 


1.238 
(10) I (2,729) 


2 

(1 spare) 


1976 Any 35,789 
(1966) 

(19.32C) 


95W- 11,700 f 

05W- 

85E- (19, 6"0) 

USE 


979.9 99,36 9:00 8, 150 10 

(529) 99.36 12:00 (26,740) 


1970 j Any 


740 35 

(400) 35 


1975 Any 35, 780 
(19,320) 


8, 135 
(26. 690) 


114W- 11,700 12 

1 19W 

(39, 600) 


2 

O.fcQD 

1 

0.609 

5 

0. 789 


(t) MCI Lockheed design is for 10 years design life. The design is modified to 5 years MMD for this analysis 











































































design data are used to select modules from the Study 2. 1 module inventory 
to fill design requirements when building a standardized subsystem configu- 
ration of the reference satellites. When data were required and not 
specified, estimates or assumptions based upon mission objective' were 
made. 

Summaries of the attitude and velocity control system (AVCS) 
subsystem design parameters, which included pointing accuracy, attitude 
rates, slew angular rates, momentum storage, and attitude and station- 
keeping thruster data, were extracted from the reference documents or 
estimated where data were not provided and are presented in Table 2-2, 

Similarly, guidance and navigation system (G&N) design 
parameters are presented in Table 2-3. 

The complexity of and the limited information on system 
requirements for the telemetry, tracking and command (TT&C) subsystem 
required a number of assumptions to be made. These are listed in Section 
5 of Reference 6 (see Section 10) and, therefore, will not be repeated 
here. The TT&C subsystem requirements interpreted from the reference 
documents are presented in Table 2-4. Design parameters such as orbit 
altitude, data bit rate, and data storage are shown in Table 2-5. 

As in the other subsystems, the data processing system 
design parameters were either obtained from the referenced documents 
or estimated where data were not provided. These data are presented in 
Table 2-6 and include the number of modules^ in the standardized design, 
the data rate and controller program, and data memory requirements. 

To design the electrical power system, the average power 
requirement, payload orbital characteristics, orbit life and solar array 
data (area, and whether fixed or orieneed) are required. Table 2-7 shows 
these data. 

(1) Modules and space replaceable units (SRUs) used interchangeably. 
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Table 2-2. Attitude and Velocity Control System 
Design Parameters 


Paylond Name 



Attitude Rates, 
Less Than 
+ (deg/ sec) 


Slew Rateu 
+ (deg/sec) 


Momentum 

Storage 

(It-lb-sec) 


Attitude and Stationkeeping Thruster a 


Impulse- 

Propellant 

Weight 



Orientation 

Reference 


l. Sync, Eq r Or biter 
(SEO) 


2. Earth Obu. Sat. - C/D 
(EOS-C/D) 


3. Orb. Astro, Oba* - B 
(OAO-B) 


4. Domestic Com. Sal. 
(Comsat) 








I 





0. 1 and 5 n0 lb ■ CM, 


22 lb - Freon- 14 





60-*0, 1 Arc Sec 




3 CMG + 3 AW* 










405 lb - Hydrazine 









































Table 2-3. Guidance anc Navigation f 


Navigation Accuracy (lcr) 


Payload Name 


Position 

m 

(ft) 


Velocity 

m/sec 

(ft/sec) 


1, Sync. Eq. Orbiter 

- ■■■ . 

61 

(SEO) 

(200) 

2, Earth Obs. Sat. - C/D 

27 - 100 

(EOS - C/D) 

(90 - 328) 

3. Orb. Astro. Obs. -B 

30.5 

(OAO-B) 

(100) 

4. Domestic Com. Sat. 

61 

(Comsat) 

(200) 


0. 03 

( 0 . 10 ) 


0.015 
(0. 05) 


0.015 
(0. 05) 


Inertial Measuring 
Unit 


Guidance Computer 


No (Tars) 


A. C. 


S. D. High Performance 


S. D. + Star Sensor 


No (Tars) 
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Payload Name 

Com. 
Signal 
Cond* * 

Tracking 

Circuit 

Base- 

Band 

Assy. 

1. Sync. Kg. Orbiter 
(SEO) 

X 


X 

Z. Earth Obe. Sat. C/D 
(KOS-C/D) 

X 

X 


3. Orb. Astro. Obo . B 
(OAO-B) 

X 

X 







4. Domestic Com. Sat, 
(Comsat) 






































Payload Name 

Orbit 

1km) 

Bit Rate 
(bps) 

Storage 

(Bits) 

TDHS 

Number Of 
Down Links 

Antenna 
Type/ Gain 

Multiple 

Servicing 

(Transponder) 

Orientation 

1. Sync. Eq. Orbitcr 
(SEO) 

S) nchronouB 

1,6 x 10 6 

3. 9 x iO B 

No 

2 

1 1/2 ’/ HEMI 

1 Link 

Earth 

2. Earth Obo. Sat, - C/D 
(EOS - C/D) 

geo 

100 Mbps 
1.2 Mbps 
400 kbps 

6 3= 10 10 

K u (BA) 

1 

(4 ft DPS Dish) 

No 

Earth 

3. Orb, Astro. Obs. - B 
(OAO-B) 

740 

(400) 

1042 or 66. 7K 
and 1042 

Unknown 

S (MIA) 

1 

1 1/2’ /HD Ml 

No 

Earth 

4. Domestic Com. Sat, 
(Comsat) 

Synchronous 

1024 

None 

No 

l 

HORN/ 

11 Db Average 

Yea 

Earth 















































Payload Name 


1. Syne, Eq, Orbitor 
(SEO) 


Z. Earth Oba. Sat, - C/D 
{EOS - C/D) 


3. Orb. Aatro. Obs. - B 
(OAO-B) 


4. Domestic Com. Sat. 
(Comsat J 



Number Of 
SRtJs 

Data Rate Boo 
(bps) 

No* Channels/ 
Terminal 

No. Commando/ 
Terminal 

Controller 
Program Memory* 

Controller 
Data Memory 

■ ■ - 

12 

128K 

16 

8 

2018 

4096 


17 

2048K 

lb 

0 

2048 

4096 


lb 

256K 

32 

16 

2048 

4096 


13 

32K 

32 

1 

lb 

2048 

4096 






























Table 2-7 


Electrical Power System Design Parameters 


Payload Name 

Average 
Fowc r j 

Requirement 
(Watts) 

Maximum 

Eclipse 

(Hours) 

Eclipses 
Per Year 

Orbital 

Period 

(Hours) 

Orbit Ufo/ 
Design Lite 
(Yearn/ Years) 

Selected Depth 
Of Discharge 
And Ampere 
Hoars (%) 

Installed 
Energy Storage 
Requirement 
(Wan-Hour) 

5oiar Array 
Atca 

<£> 

l. Sync, Eq, Qrbiter 
(SEO) 

375 

1.2 

90 

24 

2/3 

60 

(26. 8 AH) 

750 

4.9 

(52.4) 

Oriented 

2 . Earth Obo. Sat, - C/D 
(EOS - C/D) 

750 

0.6 

5075 

1.7 

2/3 

24 

(111 AH) 

1875 

>8.6 

(200) 

Oriented 

3*. Orb. Astro, Oba, - B 
(OAO-S) 

1200 

■ 

5204 

1.7 

1/2 

40 

(64 AH) 

1800 

12.6 

(136) 

Fixed 

4. Domestic Com. Sat, 
(Comsat) 

L75D 

1-2 

90 

24 

5/7 

50 

(ISO AH) 

4200 

21,4 

(230) 

Oriented 


















3. SUBSYSTEM DEFINITIONS 


The method for synthesizing standardized subsystem satel- 
lites makes use of growth factors applied to the baseline subsystem to 
develop the standardized version. In order to develop these factors, care 
must be taken to insure that the subsystems are defined in the same way, 

i. e. , components contained in the modularized subsystem version are 
the same as in the baseline subsystem. The module inventory was reviewed 
at the component level to determine which modules could be designated 
as candidates to build subsystems which are compatible with the computer 
programs in use at MSEC. 

The four subsystems and their characteristic components 
in the weight estimating program for which growth factors were deter- 
mined are the following: 

1. Attitude Control System (ACS) - propulsion 

2 . Stabilization and Control (S8tC) - sensing, computer, 
reaction wheels, magnetometer, inertial measuring 
unit 

3. Electrical Power System (EPS) - batteries, wiring, 
solar array 

4. Communications, Data Processing and Instrumentation 
(CDPI) - recorders, transmitters, receivers, antennas. 

The following matchup between the modules of Study 2 . 1 
and the computer subsystem definitions is the following: 

1. ACS subsystem - AV CS- 7* and -8 modules 

2. S&C subsystem - All other AVCS plus G&N modules 

3. EPS subsystem - EPS modules and solar arrays 

4. CDPI subsystem - TT&C and DP modules, 

* See Appendix A for module descriptions. 
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4. KEYS TO MODULE CAPABILITIES 


The program characteristics and subsystem design para- 
meters for the four reference satellites have been presented in Section 2 
and the subsystem/module matchup discussed in Section 3, In order to 
assign modules to satisfy subsystem design parameters and build the 
reference satellites from standardized subsystem modules, a set of 
characteristic performance capabilities were developed for the modules. 
These capabilities, called keys, are in terms of design parameters or 
defined by a simple calculation using the design parameters. 

The keys to the Stabilization and Control (S&C) and the 
Attitude Control System (ACS) subsystems are presented in Table 4-1. 

The S&C subsystem keys are pointing accuracy, attitude rates, orbital 
altitude, and momentum storage. The pointing accuracy and attitude rate, 
in conjunction with the momentum storage, determine whether a single or 
three-axis reaction wheel package or control moment gyro is required. 

The altitude and pointing accuracy determine the sensing module selected. 
The IMU (Inertial Measuring Unit) and guidance and control computer 
modules are employed for execution of precise attitude and orbit velocity 
control requirements. The key to the ACS module selection is the S&C 
module selection, orbit life, and weight. Thus pointing accuracy, weight, 
and life determine the quantity (two or four) and the tank size (small or 
large) module to be selected. 

The keys to the electrical power system keys are presented 
in Table 4-2. The average power required, orbit altitude and subsystem 
MMD (Mean Mission Duration) are the keys to selection of the electrical 
power system modules. The orbit period and maximum eclipse time were 
obtained from the orbital characteristics. The ampere-hour requirement 
was calculated using the power required, eclipse time, and the depth 
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Table 4-1. Standardized Module Subsystems Study 
Keys to S&C and ACS Module Selection. 


STABILIZATION AND CONTROL (S&C) 

Pointing Accuracy 

Low>0, 1° Earth Horizon Sensor 
Highs 0. 1° Add Star Tracker 
Attitude Rates 

Low ^ 10 Deg/Sec 

_3 

High >10 Deg/Sec 
Orbital Characteristics 

Altitude > or < 3000 nmi 
Satellite Momentum Storage 

Up to 10 ft-lb-sec; Up to 30 ft-lb-sec; Up to 500 ft-lb-sec 

Estimate Momentum Storage Using Weight -~0. 01 x Weight - Momentum Storage 
ATTITUDE CONTROL SYSTEM (ACS) 

Key is S&C Module Selection, Life and Weight 

High Pointing Accuracy — ► Large Tank (4) or Small (4)^ {Medium Momentum Storage) 
Low Pointing Accuracy — »-Small Tank 2^ or 4 (Low Momentum Storage) 

High Momentum Storage — *- Large Tank (4) 


(1) For short life or small weight. 




Table 4-Z. Standardized Module Subsystems Study 
Keys to KPS Module Selection 


ELECTRICAL POWER SYSTEM - EPS 
Average Power Required 

Orbital Characteristics - Altitude and Inclination 
Orbit Period 
Maximum Eclipse Time 

Subsystem Design Lifetime or Mean Mission Duration (MMD) 

Oriented or Fixed Array 

Maximum Depth of Discharge - May be Estimated 

Calculate Ampere-Hour Requirement (Power Required, Eclipse Time, Depth of 
Discharge) 

Calculate Solar Array Area (Power Required, Time in Sun, Oriented) 



of discharge which was estimated. A 28-volt system was assumed in 
this calculation. If the solar array area was not specified, the area 
was calculated for oriented or fixed arrays using the data above. 

The keys to the CD PI subsystem modules are data storage 
required, telemetry bit rate, and mission type and are shown in Table 4-3, 
If the mission type is communications, then the frequency band determines 
the module selection. Fox* other mission types, and if the altitude is 
low, the telemetry bit rate selects the module. For high altitude missions 
(not communications), perigee and apogee altitudes are used to calculate 
a maximum telemetry bit rate for module selection. 
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Table 4-3. Standardized Module Subsystems Study 
Keys to CDPI Module Selection 


COMMUNICATIONS; DATA PROCESSING AND INSTRUMENTATION {CDPI) 


Data Storage Required - Recorder Capacity 

Always Used with TDRS (Low Altitude Satellites in the Zone of Exclusion); 
May be Required for Some High Altitude Satellites 

Telemetry Bit Rate 

Mission 

Housekeeping - Assume 1000 bps if not Specified 
Mission Type - Communications; Other 
If Communications, Frequency Band 

If Other High Orbit, Need to Know if Perigee > 16, 000 nmi and Apogee 
Altitude 


If Other Low Orbit, >2700 nmi 

<2700 nmi 





5, REFERENCE SATELLITE SYNTHESIS 


The buildup of a standardized subsystem module configura- 
tion of- the four reference satellites was accomplished using the subsystem 
design parameters of the baseline satellite and the keys to standardized 
module capabilities. A flow diagram showing the manual procedure for 
buildup of a standardized subsystem module satellite is shown in Figure 
5-1. The first step was to select the module(s) from the Study 2. 1 inventory 
which satisfied the program characteristics and subsystem design requirements . 
The reference satellite design parameters which were not included in the 
Study 2. 1 module capabilities were satisfied by adding components to the 
non-replaceable unit, but the weight was charged to the appropriate subsystem 
for purposes of calculating weight and cost factors. Examples are the 
tape recorder for the SEO and solar arrays. This non-standard weight 
was identified for cost estimating. After the subsystems were built up 
of standardized modules and non-standard components, weights were 
reallocated for consistency with the baseline subsystem definitions, e.g. , 
the structure was removed from the modules, electrical wiring and power 
conditioning weights were added to the electrical subsystem, environmental 
control system weights were removed, etc. This reallocation was also 
necessary since the subsystem costs were estimated using cost estimating 
relationships (CERs); thus, structure costs, which are different from 
electrical subsystem costs, were estimated at the rate for structures 
and not for the EPS or another subsystem containing structural weight. 

5. 1 MODULE ASSIGNMENT 

The next step in the satellite buildup was the assignment of 
standardized modules to satisfy the four reference satellite subsystem 
design parameters. This was accomplished using the keys to the module 
capabilities. Table 5-1 shows the results of the module assignment by 
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Ui 
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Payload Name 

Attitude 1 

Velocity Control 

Guidance Zt Navigation 

Telemetry, Tracking & 
Command 

Data Processing 

Electrical Power 

Item 

Qur-r 

Wt. (kg) 

Item 

Quant. 

Wt. (kg) 

Item 

Quant. 

wt. (kg) 

Item 

Quant. 

ws. rkgl 

Item 

Quant, 

wt. (kg) 

1. Sync. Eq„ Orbiter 

AVCS-3 

1 

12?. 5 

GN-2 

i 

42,6 

TTTiC-6 

i 

54.0 

DP-1A 

I 

46.0 

EPS- 1C 

1 

105 

<SEO} 

WCS-5 

I 

55.9 




Recorder 

2 

22.0 




EPS-3 

2 

102 


AVCS-7 

4 

202. 4 










Solar 

1 

!-! 




385. 8 






76.0 




Array 


221 

2. Earth Obs. Sat. -C/D 

AVCS-3 

1 

127.5 

GN-1 

1 

78.3 

TTliC-9A 

l 

67.0 

DP- IB 

3 

140.4 

EPS- 1 A 

1 

50 

(EQ5-C/D) 

AVCS-5A 

1 

55.9 

GN-Z 

1 

42.6 

T^ScC-SA 

1 

61.0 

Command 

1 

*9.0 

EPS-2 

l 

131 


AVCS-0 

4 

230.4 




Recorder 

1 

11. 0 

Clock 


149.4 

EPS-3 

2 

102 




413. B 




Non-Std. 

I 

21. 0 




Solar 

1 

52 


Dry 

1 

72. 6 




TTfciC Sys 
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Propul, 


















486.4 



120.9 



160. 0 
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5. Orb. Astro. Oba. -B 

AVCS-3 

1 

127. 5 

GN-1 

1 

78. 3 

TTZjC-8 

2 

124, 0 

dp-jc 

2 

93.6 

EFS-2 

1 

131 

[OAO-BJ 

AVCS-4 

3 

398.4 

GN-2 

1 

42.6 

Recorder 

1 

11.0 




Solar 

i 

35 


AVCS-6A 

l 

72.5 










Array 




Avcs-a 

4 

230.4 
















B28.B 



120,9 



135.0 
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4. Don.^atic Com. Sat. 

AVCS-Z 

1 

60. 9 

GN-2 

l 

42. 6 

TTfcC-1 

1 

51,0 

DP- ID 

1 

46.0 

EPS-2 

Z 

262 

(Comftt.0 

AVCS-5 

1 

55.9 










EPS-3 

2 

102 


AVCS-8 

4 

230.4 










Solar 

1 

59 j 




347.2 



42.6 



51.0 




Array 


423 




LJ 


subsystem for each satellite and includes the non-standard components 
discussed in Section 5 above. The standardized modules used in this 
study are included in Appendix A* The components and weight allocation 
for each of the modules are listed. 

5.2 SUBSYSTEM GROWTH FACTORS (BUILDUP METHOD ) 

The subsystem growth factors for satellite weight synthesis 
have been determined by building the subsystems of the four reference 
satellites from the inventory of modules, adding non-standard components 
where necessary, reallocating weights into proper subsystems, and then 
dividing by the baseline subsystem weights. These weights and factors 
are presented in Table 5-2*. It is noted that the growth factors for the 
OAO Electrical Power System (EPS) and Communications, Data Processing 
and Instrumentation (CD PI) subsystems are less than unity and this is 
due to improved technology over the original design. 

The method for applying these growth factors is the same 
as for the low-cost factors which are presented in Table 5-3* for comparison. 
The subsystem of a satellite to be synthesized is determined by judgment 
to be similar to one of the reference satellite subsystems and the growth 
factor applied to the baseline subsystem weight. Care must be taken in 
determining the subsystem similarity to obtain a realistic standardized 
satellite configuration, 

5. 3 ALTERNATE APPROACH (EQUATION METHOD) 

An alternate method does not require the use of a sub- 
system 11 similarity" selection. The growth factors determined from the 
buildup method were plotted as a function of baseline subsystem weight. 

These are presented for the Attitude Control System (ACS), Electrical 
Power System (EPS), Stabilization and Control (S8tC), and Communica- 
tions, Data Processing and Instrumentation (CDPI) subsystems in Figures 5-2 
and 5-3, The data shows a trend of a high growth factor for small subsystem 

* Table (a) shows weights in metric units; table (b) in English units. 
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Table 5 -2(a) 


Standardized Subsystem Module Study- 
Subsystem Weight Factors (Weight in kg) 
(Factor Obtained by Buildup) 


Item 

SEO 

EOS 

OAO 

COM 

Base 

Std. 

Sub, 

Factor 

Base 

Std. 

Sub. 

Factor 

Base 

Std. 

Sub. 

Factor 

Base 

Std, 

Sub. 

Factor 

Struct. & Mech. 

60 

246 

4. 08 

392 

545 

1. 39 

517 

522 

1. 01 

204 

• 380 

1, 86 

Environ. Cont. 

5 

24 

4.82 

50 

55 

1.09 

45 

51 

1. 14 

34 

38 

1.11 

ACS 

32 

70 

2,21 

105 (1 * 

99/73 

1.64 

60 

98 

1. 63 

91 

99 

1.09 

SdcC 

62 

127 

2. 06 

88 

172 

1.95 

325 

488 

1, 50 

57 

60 

1.06 

EPS 

141 

233/14 

1. 75 

376 

373/52 

1. 13 

559 

278/35 

0.56 

328 

282/59 

1.04 

CD PI 

67^ } 

51/22 

1.09 

163 

123/41 

1.01 

207 

111/11 

0.59 

27 

47 

1.75 

Mission Equip. 

133 

133 

1.00 

541 

541 

1. 00 

439 

439 

1.00 

313 

313 

1.00 

Dry Weight 

— — — — — 
500 

920 

1. 84 

1715 

2074 

1.21 

2152 

2033 

0.94 

1054 

1278 

1.21 

Propellant 

27 

50 

1. 84 

66 

80 

1.21 

30 

28 

0. 94 

184 

223 

1.21 

Wet Weight 

52 7 

970 

1. 84 

1781 

2154 

1.21 

2182 

2061 

0.94 

1238 

1501 

1.21 


NOTE: Std /Non-Std. Add together for weight factor calculation. 

^Includes 72.5 kg of dry propulsion. 

^Included two taperecorders per LMSC A990556, Page 5-74. 




Table 5 -2(b). Standardized Subsystem Module Study 

Subsystem Weight Factors (Weight in lb) 
{Factor Obtained by Buildup) 


Item 

SEO 

EOS 

OAO 

COM 

Base 

Std. 

Sub. 

Factor 

Base 

Std. 

Sub. 

Factor 

Base 

Std. 

Sub. 

Factor 

Base 

Std. 

Sub. 

Factor 

Struct. & Mech. 

133 

542 

4. 08 

865 

1202 

1.39 

1141 

1150 

1. 01 

450 

' 838 

1.86 

Environ. Cont. 

11 

53 

4. 82 

110 

119 

1.09 

100 

114 

1.14 

75 

83 

1. 11 

ACS 

70 

155 

2.21 

23Q 1 

217/160 

1. 64 

133 

217 

1, 63 

200 

217 

1.09 

S&C 

136 

280 

2. 06 

195 

380 

1.95 

716 

1077 

1.50 

125 

133 

1.06 

EPS 

312 

516/31 

1.75 

830 

823/115 

1. 13 

1232 

612/77 

0.56 

724 

621/130 

1.04 

CD PI 

147 2 

111/49 

1.09 

360 

271/91 

1. 01 

456 

245/24 

0.59 

60 

105 

1.75 

Mission Equip. 

294 

294 

1. 00 

1192 

1192 

1.00 

967 

967 

1,00 

690 

690 

1. 00 

Dry "Weight 

1103 

2030 

1.84 

3782 

4571 

1,21 

4745 

4480 

0.94 

2324 

2819 

1.21 

Propellant 

60 

110 

1.84 

145 

175 

1.21 

66 

62 

0. 94 

405 

491 

1.21 

Wet Weight 

1163 

2141 

1. 84 

3927 

4746 

1.21 

4811 

4543 

0.94 

2729 

3310 

1.21 


NOTE: Std/Non-Std, Add together for weight factor calculation 

''‘Includes 160 lb of dry propulsion. 

2 

Included two taperecorders per LMSC A99Q556, Page 5-74. 




Table 5-3(a). Subsystem Weight Factors (Low Cost) 
(Weight in kg) 



SEO 

EOS 

OAO 

COM 

Item 

Base 

LCR (i} 

Factor 

Base 

LCR 

Factor 

Base 

LCR 

Factor 

Base 

LCR 

Factor 

Struct. & Mech. 

60 

570 

9.45 

392 

1007 

2.55 

517 

1212 

2. 34 

204 

' 698 

3.42 

Environ. Cont, 

5 

33 

6, 64 

50 

68 

1. 36 

45 

50 

1. 10 

34 

45 

1.33 

ACS 

32 

184 

5. 82 

105< 2 > 

89 

2. 80 

60 

286 

4. 75 

91 

116 

1.28 

s&c 

62 

66 

1. 07 

88 

96 

1. 08 

325 

154 

0.47 

57 

102 

1.79 

EPS 

141 

257 

1.81 

376 

902 

2.40 

559 

758 

1. 36 

328 

508 

1.45 

CD PI 

67 

77 

1. 16 

163 

104 

0. 64 

207 

141 

0.68 

27 

20 

0.75 

Mission Equip, 

133 

195 

1.47 

541 

541 

1.00 

439 

844 

1. 93 

313 

342 

1,09 

Dry Weight 

500 

1382 

2. 76 

1715 

2807 

1. 64 

2152 

3445 

H||||p 

1054 

1831 

1.74 

Propellant 

27 

74 

2. 74 

66 

70 

1. 06 

30 

145 

■ 

184 

314 

1. 72 

Wet Weight 

527 

145 6 

2. 76 

1781 

2877 

1. 62 

2182 

3590 


1238 

2145 

1.73 


^Ljow Cost Reusable 
2 

Includes 72. 5 kg of dry propulsion. 










Table 5-3(b). Subsystem Weight Factors (Low Cost) 
(Weight in lb) 



SEO 

EOS 

OAO 

COM 

Item 

Base 

LCR 1 

Factor 

Base 

LCR 

Factor 

Base 

LCR 

Factor 

Base 

LCR 

Factor 

Struct. 8e Mech. 

133 

1256 

9.45 

865 

2220 

2.55 

1141 

2675 

2. 34 



450 

1540 

3.42 

Environ. Cont. 

11 

73 

6. 64 

110 

150 

1.36 

100 

no 

1. 10 

75 

100 

1.33 

ACS 

70 

407 

5.82 

230 2 

196 

2.80 

133 

631 

4.75 

200 

256 

1.28 

S&C 

136 

145 

1.07 

195 

211 

1. 08 

716 

339 

0.47 

125 

224 

1.79 

EPS 

312 

566 

1.81 

830 

1990 

2.40 

1232 

1671 

1.36 

724 

1120 

1.45 

CD PI 

147 

169 

1. 16 

360 

230 

0. 64 

456 

310 

0. 68 

60 

45 

0.75 

Mission Equip. 

294 

431 

1.47 

1192 

1192 

1. 00 

967 

1862 

1.93 

690 

754 

1.09 

Dry Weight 

1103 

3047 

2. 76 

3782 

6189 

1.64 

4745 

7598 

1. 60 

2324 

4039 

1. 74 

Propellant 

60 

164 

2.73 

145 

154 

1.06 

66 

320 

4. 85 

405 

692 

1.72 

Wet Weight 

1163 

3211 

2.76 

3927 

6343 

1.62 

4811 

7918 

1.65 

2729 

4731 

1.73 


*Low Cost Reusable 
2 

Includes 160 lb of dry propulsion 
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Figure 5-2. Standardized Subsystem Growth Factor As A 

Function of Reference Satellite Subsystem Weight 
(ACS, EPS) 



Standardized Factor Standardized Factor 



(100) (200) (300) (400) (500) (600) (700) (lb) 


Reference Satellite Subsystem Weight 


Figure 5-3. Standardized Subsystem Growth Factor As A 
Function of Reference Satellite Subsystem 
Weight (CD PI, S&C) 



weights decreasing with increased subsystem weights. This is a logical 
trend since a higher overkill would be expected for small weight subsystems 
as a result of standardization. A linear fit to the data points was then 
made and the equation of the line derived. The subsystem growth factor 
can be determined directly using the baseline subsystem weight without 
making a subsystem similarity selection. The four reference satellite 
subsystem weights and growth factors determined by this method are pre- 
sented in Table 5-4*. 

5. 4 SATELLITE SIZING (DIMENSIONS ) 

A method for sizing a satellite which was used in the low- 
cost satellite study involved the use of a characteristic density curve 
based upon satellite designs and a pre-selected shape. A more general 
method was desired for the standardized subsystem module study, i. e. , 
one which does not require a pre-selected shape. The method selected 
makes use of the number of "average" modules in the synthesized satellite, 

A review of the modules of Study 2. 1 was made and an 

3 

average module determined. The average module has a volume of 0.22 m 

3 

(7.85 ft ) and weighs 64.5 kg (142,2 lb), including the module structure. 

For comparison, a similar review was made of the Lockheed 

Missiles and Space Company (LMSC) low-cost modules and the average 

3 3 

low-cost module was found to be 0.29 m (10.2 ft ) and weighed 69.4 kg 
(153 lb). This was as expected since low-cost designs relaxed weight 
and volume' constraints. 

The number of modules in a synthesized standardized 
module satellite was determined by dividing the spacecraft equipment 
weight plus module structure weight by the average standardized module 
weight, A configuration based upon a standard module size of 51 x 76 x 
71 cm (20 x 30 x 28 in) can be determined which will fit in an envelope 


* Table (a) shows weight in metric units; table (b) in English units. 
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Table 5-4(a), Standardized Subsystem Module Study 

Subsystem Weight Factors (Weight in kg) 
(Factor Calculated by Formula) 


Item 

SEO 

EOS 

OAO 

COM 

Base 

Std. 

Sub. 

Factor 

Base 

Std. 

Sub. 

Factor 

Base 

Std. 

Sub. 

Factor 

Base 

Std. 

Sub. 

Factor 

Struct. & Mech. 

60 

236 

3.92 

392 

503 

1.28 

517 

538 

1.04 

204 

426 

2.09 

Environ. Cont, 

5 

23 

4.64 

50 

49 

0.99 

45 

53 

1. 17 

34 

42 

1.24 

ACS 

32 

66 

2.07 

105 

79/57 

1.30 

60 

106 

1.77 

91 

132 

1.45 

S&C 

62 

103 

1. 67 

88 

146 

1.65 

325 

494 

1.52 

57 

95 

1.67 

EPS 

141 

217/14 

1. 64 

376 

346/47 

1.05 

559 

290/36 

0.58 

328 

318/65 

1.17 

CD PI 

67 

14/28 

1. 37 

163 

109/36 

0.89 

207 

126/13 

0. 67 

27 

42 

1.56 

Mission Equip. 

133 

133 

1. 00 

541 

541 

1. 00 

439 

439 

1.00 

313 

313 

1.00 

Dry Weight 

500 

384 

1.77 

1715 

1913 

1. 12 

2152 

2095 

0. 97 

1054 

1433 

1.36 

Propellant 

27 

48 

1.77 

66 

74 

1.12 

30 

29 

0.97 

184 

250 

1.36 

Wet Weight 

527 

932 

1.77 

1781 

1987 

1. 12 

2182 

2124 

0.97 

1236 

1683 

1.36 


NOTE: Std/Non-Std. Assumes same % as buildup method. 
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Table 5-4(b). Standardized Subsystem Module Study 

Subsystem Weight Factors (Weight in lb) 
(Factor Calculated by Formula) 


Item 

SEO 

EOS 

OAO 

COM 

Base 

Std. 

Sub, 

Factor 

Base 

Std. 

Sub. 

Factor 

Base 

Std. 

Sub. 

Factor 

Base 

Std. 

Sub. 

Factor 

Struct. & Mech. 

133 

521 

3. 92 

865 

1110 

1.28 

1141 

1186 

1. 04 

450 

' 939 

2.09 

Environ. Cont. 

11 

51 

4. 64 

110 

109 

0.99 

100 

117 

1. IV 

75 

93 

1.24 

ACS 

70 

145 

2. 07 

230 

174/126 

1.30 

133 

235 

1.77 

200 

289 

1.45 

S&C 

136 

227 

1. 67 

195 

322 

1. 65 

716 

1089 

1.52 

125 

209 

1. 67 

EPS 

312 

481/31 

1.64 

830 

764/104 

1.05 

1232 

640/79 

0.58 

724 

701/144 

1. 17 

CDPI 

147 

139/62 

1. 37 

360 

240/80 

0.89 

456 

279/28 

0. 67 

60 

94 

1.56 

Mission Equip. 

294 

294 

1. 00 

1192 

1192 

1.00 

967 

967 

1.00 

690 

690 

1.00 

Dry Weight 

1103 

1950 

1. 77 

3782 

4221 

1. 12 

4745 

4620 

0.97 

2324 

3159 

1. 36 

Propellant 

60 

106 

1.77 

145 

162 

1. 12 

66 

64 

0.97 

405 

550 

1.36 

Wet Weight 

1163 

2056 

1. 77 

3927 

4383 

1. 12 

4811 

4684 

0.97 

2729 

3709 

1.36 


NOTE: Std/Non-Std. Assumes same % as buildup method. 



4. 4 m (14. 5 ft) in diameter and 0. 9 rxi (3 ft) long for up to 20 modules. 

For more than 20 modules a configuration of the type shown in Figure 5-6 
should be considered and the envelope length increased by 0.9 m (3 ft) 
for each layer of modules. The mission equipment length, obtained 
from the GDC-SSPDA report (Reference 8), is then added to determine 
the total envelope length. The spacecraft shape can be rectangular (file 
drawer-type) or circular (donut). 

This technique of building spacecraft of standard-sized 
modules allows the configuration to be compatible with mission equip- 
ment and servicing on orbit. 

Some conceptual configurations are presented in Figures 
5-4, 5-5, and 5-6, Figure 5-4 shows all the modules facing in one direction 
with the mission equipment mounted on the opposite side. The satellite 
in Figure 5-5 shows the modules facing from the sides with mission equip- 
ment on the top opposite the adapter ring. Some mission equipment 
could be mounted facing down. Figure 5-6 shows a configuration of layers 
of modules with mission equipment on the top. 

Another possible configuration (not shown) is one where the 
modules are mounted on a ring structure. 
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Figure 5-4. Satellite Concept No. 1 Using Standardized 
Subsystem Modules 
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6. SATELLITE WEIGHT -ESTIMATING COMPUTER PROGRAM 

MODIFICATION 


* NASA /MSEC is currently using a weight- estimating computer 

program in their capture/cost analyses which was developed by Aerospace. 
This program makes use of growth formulas and subsystem growth factors 
to synthesize current design modified for reuse, low-cost expendable, and 
reusable satellites by applying these factors to subsystem weights of the 
baseline satellite. Study 2.2 was to add to this computer program the capa- 
bility of synthesizing a standardized subsystem module satellite using a 
system similar to the method for low-cost satellites. No changes were 
made to the program used to estimate weights for the three satellite types 
mentioned above. The modifications to the program were changes in the 
printout format and the addition of two factor methods discussed in Sections 
5. 2 and 5. 3 for weight estimating. A sample printout showing the results 
for the four reference satellites and five example satellites is presented in 
Appendix B. 

The five example satellite programs selected for demon- 
stration of the weight and cost estimating techniques were selected from the 
DARES printout of the October 1973 mission model and are listed below. 


AST -3 Solar Max Sat 

PHY-2A Gravity /Relativity Sat 
NEO-6 Tiros 

EOP-9 Magnetic Monitor Sat 

NND-5 Foreign Comsat 


The selection was made on the basis of the various combi- 
nations of reference satellite subsystem types selected by similarity and 
using a variety of program types, i.e. , NASA astronomy, physics, earth 
observations, and non-NASA communications. 
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The first modification to the printout format is the addition 
of a column for standardized subsystem factors which are input as a table 
in the program and used as in the low-cost configurations by subsystem 
similarity selection. When the alternate method is used for calculating the 
growth factor by equation, the resulting growth factor is printed in this 
column. A second modification to the printout format adds a column of 
standardized subsystem weights, total dry weight, ACS propellant wet 
weight, adapter weight, and total launched weight. Envelope diameter and 
length, mission equipment length and diameter (mission equipment dimensions 
are obtained from the GDC-SSPDA report, Reference 8), and number of 
modules have been added to the format. 

A new algorithm was developed for calculating the structure 
weight as a function of equipment weight. The formula was obtained from 
a TRW modular design of the DSCS-II, It was determined that the average 
module structure weight was 0. 157 times the equipment weight in the module. 
The NRU (space frame) structure was 0. 157 times the total equipment and 
module weight. Therefore, the total structure weight is the sum of the two, 
or, structure weight = 0. 339 (total equipment weight). 

The environmental control system weight algorithm was 
changed to 2-1/2 percent of the total spacecraft weight. This algorithm 
is used in other synthesis programs. The other configurations make use 
of a scaling factor based upon satellite external area. However, in order 
to remain more general in application, no shape is assumed for the stand- 
ardized satellite, only an envelope. The 2-1/2 percent factor was added, 
therefore, to the program. 

The other addition to the program was to add the equations 
for the subsystem growth factors which are discussed in Section 5, 3. 

These additions have been made to the weight- estimating 
program and the results shown on a copy of the printout in Appendix B. 


6-2 


7. COST ESTIMATING METHOD 


For payload cost estimating purposes, MSFC is using a 
computer program (PALCM) originally developed by The Aerospace 
Corporation and subsequently modified by MSFC. The program deals 
with four types of satellite designs: current expendable, current reusable, 
low-cost expendable, and low-cost reusable* To give greater flexibility 
to the cost model, a study concerning cost estimating of standardized sub- 
systems has been undertaken. Standardized subsystems can be considered 
surrogates for standardized module design concepts; accordingly, the cost 
model's usefulness was extended to on-orbit maintenance modes of operation. 
The objectives, methods, and results of the study as they refer to cost 
estimating procedures are presented in this section. 

7* 1 OBJECTIVE 

In essence, the primary goal of the study was to develop 
ways of estimating the effect on cost of the adoption of standardized modules 
for use in a current design reusable type of satellite. In the interest of 
economy, the concept of cost factors has been adopted and is applied in 
much the same manner as low-cost factors are used when low-cost designs 
are considered by the cost model. For example, tables of factors can be 
stored in the program and can be called up In the same way that low-cost 
subsystem factors are identified and used. Such procedures for imple- 
menting standardized subsystem cost estimating result in minimal changes 
to the PALCM program. The application of factors also allows the use of 
baseline data previously developed, i. e. , no additional basic design inputs 
are required. 
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7.2 


PROCEDURE FOR DEVELOPING FACTORS 



The first step in the development of cost factors was the 
preparation of cost estimates for baseline (B/L) and standardized (STD) 
subsystem designs for a series of pertinent satellites. The satellites 
selected were EOS, SEO, OAO, and Comsat. In the second step, a compari- 
son was made of standardized and baseline RDT&E and unit costs for each 
selected satellite subsystem to obtain a set of subsystem cost factors. 

Next, the factors in tabular format (exactly the same as that used for the 
low-cost factors), together with a procedure for identifying standardized 
designs, was incorporated in the PALCM prograrn-. Finally, the procedure 
was applied to a sample of five satellites and a comparison was made with 
other design concepts such as low-cost or current reusable for ground 
refurbishment. The major steps mentioned above are considered in detail 
in the following sections. 

7.2,1 Baseline Cost Estimates 

The PALCM computer model was used in conjunction with 
the reference satellite weight and performance data, as shown in Table 7-1, 
to produce baseline cost estimates for the SEO, EOS, OAO, and COM 
satellites. Table 7-1 contains the results of the PALCM output by RDT&E 
and first unit cost and by subsystem for each of the reference satellites. 
Values for the electrical and TT&C subsystems on OAO are excluded 
because the weights of the standardized modules were substantially below 
those for the reference satellite and unrealistic factors would therefore 
have been generated. As an alternative, the average for the other three 
satellites was used as a factor for these particular OAO subsystems. 

(Note that the same phenomenon occurred in the original development of 
low-cost factors from the LMSC study data.) 
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Table 7-1. Baseline Subsystem Costs for Reference Satellites 
(Millions of 1972 Dollars) 



SEO 

EOS 

OAO 

COMSAT 

Subs ystem 

RDT&E 

Unit 

RDT&E 

Unit 

RDT&E 

Unit 

RDT&E 

Unit 

Structure 

14. 394 

2. 958 

19. 979 

4.484 

21.034 

4. 857 

17. 601 

3. 744 

Electrical 

7. 870 

1. 301 

10. 095 

1. 744 

N/A 

N/A 

14. 041 

2. 620 

TT&C 

14. 684 

4. 910 

30. 504 

12. 537 

N/A 

N/A 

8.222 

1. 795 

Stability & 
Control 

26. 354 

4. 977 

44. 179 

10. 523 

64.408 

16. 818 

53. 560 

13.443 


N/A - Not Applicable 


















7.2. 2 


Standardized Subsystem RDT&E Cust Factors 


The same PALCM program was used to develop RDT&E 
cost estimates for the STD subsystems, except that in addition, factors 
were applied to each subsystem to reflect (1) the STD vs peculiar split, 

(2) the anticipated number of programs sharing the subsystem, and (3) 
the average percentage of component cost per subsystem versus the 
total cost of the subsystem (including system-related costs). For example, 
if on the average 50 percent of RDT&tE cost for a particular subsystem is 
attributable to component cost, if the STD portion of the new subsystem design 
is 80 percent, and if the subsystem will be shared with ten other programs, 
then the resulting "savings" would be 36 percent (9/10 of 80 percent of 
50 percent) and the factor to apply to the STD subsystem cost estimate 
would be 64 percent (1 - 0. 36). If costs for the STD subsystem, without 
sharing, were 25 percent more than the baseline subsystem cost, me net 
effect in the example above would be a STD factor of 0. 800 to be applied 
to the baseline cost estimate. 

From past satellite programs, it has been determined that 
component cost versus total subsystem cost averages out to be as follows: 

Strurtuie 52 percent 

Electrical 37 percent 

TT&G 48 percent 

Stability and Control 41 percent 

To calculate the sharing of subsystems, the DARES printout for the October 
1973 mission model was reviewed to determine the number of NASA and 
non-NASA programs that identified selected subsystems similar to the 
subsystem in any of the four reference satellites. The number of programs 
found to share ACS, S&tC, CDPI, and EPS subsystems is tabulated in 
Table 7-2 for the reference satellites. 
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Table 7-2. Satellite Programs Sharing Subsystem Modules 
Based on 1973 Mission Model DARES Printout 
{NASA/Non-NASA Programs) 


j 


Subsystem 

Reference Satellite 

SEO 

EOS 

OAO 

COMSAT 

ACS 

12 

* — 

5 

13 

29 

S&C 

13 

15 

8 

9 

EPS 

15 

5 U) 

18 

8 

CD PI 

25 

4 

6 

5< 1 > 


(1) DOD programs are included. 










The standardized portion of each subsystem was found 
to be as follows: 


Subsystem 

SEO 

EOS 

OAO 

COM 

Electrical 

0. 952 

0. 885 

N/A 

0. 840 

TT&C 

0. 693 

0. 751 

N/A 

1. 000 

Stability & 

1. 000 

0. 789 

1. 000 

1. 000 


Control 

7.2.3 Standardized Subsystem Factors for Unit Cost 

The FALiCM program was used to generate first unit cost 
for each standardized subsystem. Factors were applied to the STD unit 
costs to give effect to quantity production. Data needed to develop such 
factors included (1) the STD portion of each subsystem mentioned above, 

(2) the learning curve to be applied to that STD portion, and (3) the quantity 
of new satellites that conceivably would be using the same particular 
subsystem. The learning curve selected was a 90 percent log-linear 
cumulative average function. The quantity of satellites was based on data 
in the previously mentioned DARES printout, used in conjunction with the 
payload launch schedule from the October 1973 Space Shuttle traffic model 
(Ref. 7, Section 10) to obtain a module count of all new satellites launched. 
Tabulated results are given in Table 7-3 for the four satellite programs. 

The results of the calculations described in this and the 
precceding section are shewn in Table 7-4 and cover RDT&tE and unit cost 
factors to be applied to baseline cost estimates to produce standardized 
subsystem costs. An estimate for ground support equipment (GSE) is 
also provided and is based on an average of the RDT&E factors, exclusive 
of structure, for the subsystems of the reference satellite. Note that 
factors for structure are higher than the other subsystems, due to the lack 
of assumed sharing and no common production. 
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Table 7-3. Satellites Using Standardized Subsystem Modules 
Based Upon 1973 Mission Model Traffic 
(NASA/Non- NASA Programs) 



Reference Satellite 

Subsystem 

SEO 

EOS 

OAO 

COMSAT 

ACS 

33 

12 

24 

98 

S&C 

37 

37 

15 

47 

EPS 

50 

3 

39 

29 

CD PI 

54 

9 

10 

36 














Table 7-4. Standardized Subsystem Cost Factors 



SEO 

EOS 

OAO 

COMSAT 

Subsystem 

RDTkE 

Unit 

RDT&E 

Unit 

RDT&E 

Unit 

RDT&E 

Unit 

— 

Structure 

1. 00 

1. 33 

0. 83 

1. 13 

0. 78 

1. 01 

0. 87 

1.18 

Electrical 

0. 75 

0. 87 

0. 96 

0. 94 

0. 84 

0. 83 

0. 63 

0. 68 

TT&C 

0. 55 

0. 75 

0. 51 

0. 79 

0. 56 

0. 88 

0. 61 

1. 10 

Stability & 
Control 

0. 76 

1. 07 

0. 84 

0. 88 

0. 62 

0. 85 

0. 51 

■ 

System 









GSE 

0. 69 

N/A 

0. 77 

N/A 

0. 67 i 

N/A 

0. 58 

N/A 


N/A - Not Applicable 




























COST MODEL PROGRAM MODIFICATION 


7. 3 

As previously discussed, one of the objectives of the study 
was the implementation of standardized subsystem cost-estimating procedures 
in the existing PALCM program with a minimum of changes or added 
complexity. Because the STD factor method considered in this section closely 
parallels the PALCM treatment of low-cost satellite designs, the program 
was easily modified. First, a change was made to the satellite input she ,-t 
to use "S 11 rather than "L" (in column 18) as the satellite type identifier. 

Next, the table of factors, from Table 7-4, was placed in the program in 
exactly the same format used for the low-cost factor tables. Finally, the 
output was changed so that "standardized" rather than "low cost" was used 
for various titles. 

7.4 APPLICATION TO SELECTED SATELLITES 

Five satellites from the October 1973 mission model were 
selected for testing and analyzing the application of STD factors. The 
satellites are listed below with their DARES identification code and the 
baseline (current expendable) weight. 


Satellite 

DARES Code 

Baseline 

Weight, kg(lb) 

Solar Max 

AST- 3 

1,437 

(3, 168) 

Gravity Gradient 

PHY- 2 A 

481 

(1,060) 

Tiros 

EO-6 

641 

(1,414) 

Magnetic Monitor 

EOF- 9 

172 

( 380) 

Foreign Comsat 

NND-5 

336 

( 741) 


The outcome of applying the STD factors within the PALCM 
program is shown in Table 7-5, It can be seen that the standardized results 
are lower in RDT&E cost than those for expendable designs in all cases, 
lower than CDR in most cases, and usually higher than LCR. A similar 
picture emerges for unit cost; however, the percentage decreases in cost 
are not as great as those for RDT&E, and in several instances unit costs 
are higher than the baseline. 
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Table 7-5. Comparisons of Cost for Selected Satellites 



SOLAR MAX SATELLITE 

GRAVITY - 

gradient 

TIROS 

r 

MAGNETIC MONITOR 

FOREIGN COMSAT 


CDE^ 

CDR 

LCR 

STD 

cde’* 

CDR 

LCR 


STD 

CDE lf 

CDR 

LCR 

STD 

CD£ J) 

CDR 

LCR 

STD 

CDE 1 * 

CDR 

LCR 

STD 

RDTEtE 

Structure 

19 

16 

ii 

15 

1 

1 

1 

5 

I 

1 

1 

1 

12 

12 

1 

12 

7 

a 

E 

- 

Electrical 

B 

t 

s 

6 

B 


3 

B 

H 

B 

B 

6 

6 

5 

B 

5 

6 

b 

5 

3 

TT&C 

B 

9 

a 

14 

B 

B 

— 

B 

m 

B 


■ 

6 

5 


3 

5 

5 

5 

5 

Stab. U Contr- 

B 

35 

32 

39 

32 

25 

25 

20 

Q 

IB 

1 

B 

16 

15 

B 

14 

24 

20 

15 

18 



(66) 

(561 

m 

(441 

(37) 

(321 

(29) 

(44) 

(39) 

(31) 

(38) 

Bn 

(37) 

(26) 

] 

(42) 

(39) 

(29) 

(35) 

UNIT 

n 



B 












B 





Structure 


4.8 

3.1 


1 

1.3 

0.5 

0.0 

1.2 

1.7 

0.0 

1,2 


3,0 

1.4 

B 

9 

1.4 

0.5 

1.2 

Electrical 

1. 1 

1. 3 

B 

B 


B 

0.6 


1. 1 

1. I 

o.a 

0.9 

1.0 

1.0 

0.8 

0.9 

1.0 

1.1 

0.8 

0.9 

TTIiC 

4.6 

4.6 

B 

B 

B 

B 

— 

B 

14 

1.4 

1.4 

1.4 

0.9 

0. 9 

o.a 

0.7 

1 

0,6 

0.6 

Q.6 

Stab. It Contr. 

11.4 

11.5 

B 

10. 1 


B 

5.9 

B 

3 6 

3.6 

3.0 


2, 1 

2.1 

1.7 

1.0 

B 

4.5 

3.6 

•1.8 


(21.4) 

(22.2) 

17.0> 

{20. 0) 

(8.4) 

(v.U 

(7.0) 

(7.4) 

(7.3) 

^ 

<7.8> 

(6.0) 

(6.7) 

(6.6) 

(7.0) 

(4.7) 

f&-3) 

(7.0) 

(7.6) 

(5.5) 

(7.5) 




Baadtafr 




























































































8. ALTERNATIVE COST -ESTIMATING METHOD 


From the discussion in Section 5, it appeared that the initial 
method used to estimate weight changes for standardized subsystems con- 
tained certain deficiencies. The method aeveloped to counter the draw- 
backs observed relies entirely on subsystem rather than satellite types 
for applying adjustment factors. For cost-estimating purposes, a similar 
reorientation is needed, i. e. , reference satellite types {SEO, EOS, OAO, 
and Comsat) are no longer used to identify cost factors. Moreover, cost 
factors make up only one of several steps in the estimation of cost. Many 
of the details needed to develop the alternate method, however, can be 
taken directly from the initial work. 

8. 1 PROCEDURE 

The first step is to Identify the average standardized (STD) 
versus non-STD split for each subsystem. Next, the average sharing of 
programs by subsystem is estimated -- to be used for RDT&E sharing 
calculations. Similarly, the total average quantity to be bought for each 
subsystem is derived -- to be used in learning curve adjustments for unit 
production. Finally, the component versus system oriented cost is needed, 
and the same figures used for the initial method apply. All of these data 
are contained in Table 8-1. In addition, the table contains factors that 
are derived from the data. 

At this juncture in the discussion, it should be noted that 
the PALCM program has not been modified to automatically produce cost 
estimates required by the alternate method. For the current study, all 
estimates produced by the PALCM program rely on manual (namelist) 
inputs. Accordingly, to eliminate extensive manual inputs, the following 
steps must be taken to provide PALCM with an automatic feature. First, 
weight and performance data for the STD design version of a satellite is 


8-1 



Subsystem 


STD/STD + 
Non-STD 


RDT&E 


Structure 

N/A 

N/A 

Electrical 

0. 885 

10 

TT&C 

0. 838 

10 

Stability & 
Control 

0. 950 

10 

GSE 


-- 


Prod. 

N/A 

30 

27 

38 


Factor 


Component 

Percentage 


RDT&E 


52 

37 

48 

41 


1 . 00 
0. 71 
0. 64 
0. 65 


Unit 

1 . 00 
0. 64 
0. 67 
0. 60 


0 . 66 



















needed; recall that the previous method requires only baseline design 
data. Such information must be an input either along the lines of another 
DARES deck or a routine must be built into the PALCM program similar 
to that described in Section 5 for the alternative weight- estimating program. 
Secondl'/j the factors shown in Table 8-1 must be programmed into PALCM. 
Next, a means of flagging STD design satellites must be incorporated on 
the payload input sheet -- the same flag previously mentioned could be used, 
i. e. , an "S" could be input in column 18 or column 24. Finally, PALCM 
must be modified so that it treats the STD weights as if they were reusable 
designs and apply the CERs and stored factors directly to the weights. 

An exception should be made in the case of the electrical subsystem. If 
the wattage does not increase for the STD design over the baseline design, 
but the weight does, a means of estimating the higher cost for the STD 
subsystem must be incorporated in PALCM. 

For the current study analysis, the electrical subsystem 
has been considered to be a GDR design for cost -estimating purposes. 

In such a method, the STD weight is compared with the baseline weight 
and an additional cost factor is automatically generated within PALCM. 

The outcome of applying the STD factors within the PALCM 
program is shown in Table 8-2. The values shown represent outputs based 
on namelist (manual) inputs. RDT&E cost estimates for STD satellites 
are generally lower than CDE or CDR, but are higher than LCR; unit costs 
generally show little reduction over CDR satellites and are higher in several 
instances. 

8.2 OBSERVATIONS 

The alternate method of estimating the cost of STD subsystems 
relies on average values for subsystems and differs from the initial method 
, considered in that the type of satellite need not be identified. In general. 
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Table 8-2. Comparisons of Cost for Selected Satellites 


cc 

1 




50LAR MAX SATELLITE 

GRAVITY - 

GRADIENT 

TIROS 

MAGNETIC MONITOR 

FOREIGN COMSAT 


CDE 1 * 

CDR 

LCR 

5TD 

CDE ]1 

CDR 

LCR 

STD 

CDE l) 

CDR 

LCR 

STD 

CDE 1 ' 

CDR 

LCR 

STD 

CDE 1 ’ 

CDR 

LCR 

STD 

RDTLE 





















Strut lure 

19 

lb 

u 

15 

7 

e 

4 

10 

9 

9 

5 

10 

12 

12 

7 

12 

7 

a 

4 

9 

Electrical 

7 

6 

, 

5 

5 

5 

4 

3 

4 

7 

6 

4 

5 

6 

5 

4 

5 

6 

b 

5 

5 

TT8.C 

14 

9 

a 

7 

-- 

- 

-- 

-- 

7 

6 

7 

5 

6 

5 

4 

4 

5 

5 

5 

3 

Stab, Ei Contr. 

47 

35 

32 

33 

32 

25 

25 

26 

21 

18 

15 

15 

16 

15 

u 

12 

24 

20 

15 

18 


(B?) 

(66) 

(56) 

(60) 

(44) 

(37) 

(32) 

(40) 

(44) 

(39) 

(31) 

135) 

(40) 

137) 

(26) 

(33) 

(42) 

(39) 

(29) 

(35) 

UNIT 





















Structure 

4, 3 

4.8 

3. 1 

4.6 

0.7 

3 , 3 

0.5 

2,0 

1*2 

1.7 

o.a 

1,9 

2. 6 

3.0 

1.4 

3.2 

0.0 

1.4 

o,S 

1.6 

Electrical 

t.i 

1.5 

0.9 

L, 0 

0. 9 

0.6 

0.7 

0.3 

i.i 

1. 1 

0.8 

1.0 

1.0 

(.0 

o.a 

1,0 

1.0 

1, 1 

0.8 

1.0 

TTLC 

4.6 

4,6 

3.6 

4. 3 

— 

— 

— 

— 

1.4 

1.4 

1.4 

2.2 

0.9 

0,9 

0, B 

1.1 

0. 6 

0* b 

0, b 

0. 8 

Stab, L CoQtr, 

11.4 

11.5 

9.4 

10. b 

6,9 

6.9 

5.9 

8. 0 

3. b 

3*6 

3.0 

3. 6 

2.1 

2. 1 

1.7 

2. 3 

4. 5 

4, 5 

3. 6 

4. b 


(2U4) 

(22.21 

(17.0) 

(20.5) 

(B.4) 

(9. 1) 

(7.0] 

(10.8) 



(6.0) 

(8.7) 

(6. 6) 

(7. 0) 

(4.3) 

(7.6) 

(7, 01 

(7.6) 

(5.5) 

(b. 01 


^ Baseline 


both methods show savings inRDT&E over current design type satellites; 
however, unit costs exhibit little or no decrease. Such an outcome is 
expected because savings associated with quantity production tend to be 
offset by the broader requirements inherent in STD subsystems. The 
potential for savings is enhanced, however, because the on-orbit servicing 
mode with STD subsystem modules should produce substantial reductions 
in the cost of satellite operations. 
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9. CONCLUSIONS AND RECOMMENDATIONS 


The purpose of this study was to provide NASA/MSFC 
with the capability to include standardized subsystem module satellite 
types in their capture/cost analyses of future mission models. The 
results of this study are additions to the satellite weight-estimating com- 
puter program and payload cost-estimating program which provide this 
capability using a system similar to the method currently in use for low- 
cost design satellite configurations. 

The following conclusions and recommendations result 
from the study, 

1. The two growth factor synthesis methods provide 
logical configurations for satellite type selection. 

The standardized subsystem configuration is 
generally heavier than the "current design modified 
for reuse" and lighter than the "low cost" configura- 
tions which is a result from overkill due to 
standardization. 

2. If the method which depends upon a subsystem 
similarity selection (i. e. , the subsystem is similar 
to one of the four reference satellites) is used, care 
must be exercised in the subsystem similarity selection. 
If the baseline satellite subsystem weight varies 
greatly from the "similar" reference satellite sub- 
system weight, the synthesized subsystem will not 
represent a standardized subsystem when the weight 
and cost factors are applied. This method is not 
recommended. 

3. The alternate method, which determines the growth 
factor as a function of the baseline subsystem weight, 
provides a larger growth factor for small subsystem 
weights and results in a greater overkill due to 
standardization. No subsystem type similarity 
selection is necessary. This is the recommended 
method. 
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4. It is recommended that the application of standardized 
subs /stem factors be limited to satellites which have 
baseline dry weights from about 317 kg (700 lb) to 
2,948 kg (6,500 lb). The lower limit is based upon 

a minimum number of six modules (two ACS, one 
EPS, one S&C, one CDPI, and one solar array). 

The upper limit is an estimate based upon the refer- 
ence satellites studied. 

5. It is not recommended that standardized subsystem 
growth factors be applied to spin-stabilized space- 
craft, since the inventory of modules was obtained 
from Study 2. 1, where spinners were not considered 
by ground rule. 

6. The standardized satellite design approach applies 
to satellites maintainable on orbit or retrieved for 
ground maintenance. 

7. The design concepts are general, not tied to specific 
packaging or orbital maintenance concepts. 

8. Standardized satellite cost reductions over baseline 
satellite costs are significant. 

9. Standardized satellite cost changes relative to current 
design reusable spacecraft depend upon the satellite 
studied, and on the average show a modest savings. 

10. Standardized satellite costs relative to low-cost 
reusable satellite costs are slightly higher. 
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APPENDIX A 


The modules used in this study for the AVGS, G&N, TT&C, 
DP, and EPS subsystems are listed in this appendix. This listing identifies 
the components and their weights for each module. 
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Tabic: A- I 


Standardized Subsystem Modules 
Attitude and Velocity Control System 


Module 

Code 

Module 
Na me 

Item 

Component 

Qty 

Weight (kg) 

Item 

Total 

AVCS-2 

Reaction 

A 

Reaction Wheel 

1 

8*2 

8.2 


Wheel 

B 

Wheel Electronics 

1 

1*4 

1.4 


(10 ft-lb-sec) 

C 

Magnetometer (3 Axis) 

1 

3,2 

3.2 



D 

Amplifier 

1 

1,4 

1.4 



E 

Coil 

3 

4. 6 

13. 7 



F 

Remote Terminal 

1 

2* 0 

2. 0 



G 

Power Conditioning 

1 

2. 0 

2. 0 




Cabling 

AR 

5.0 

5. 0 




Connectors 

AR 

2.0 

2. 0 




! Environmental Protection 

AR 

5.0 

5* 0 




; Structure 

AR 

17. 0 

17. 0 




! TOTAL: 



: "5079 

A V CS - 3 

R eaction 

A 

Reaction Wheel 

3 

24. 5 

73. 5 


Wheel 

B 

Wheel Electronics 

1 

2* 7 

2. 7 


{ 10 ft-lb- sec / 

C 

Magnetometer (3 Axis) 

1 

3.2 

3.2 


wheel) 

D 

Amplifier 

1 

1*4 

1. 4 



E 

Coil 

3 

4.6 

13. 7 



F 

Remote Terminal 

1 

2. 0 

2. 0 



G 

Power Conditioning 

1 

2. 0 

2. 0 




Cabling 

AR 

5.0 

5.0 




Connectors 

AR 

2.0 

2. 0 


1 


Environmental Protection 

AR 

5. 0 

5. 0 




Structure i 

AR 

17.0 

17. 0 




TOTAL: 



12775 

AVCS-4 

Control 

A 

CMG Wheel 

1 

68. 0 

68. 0 


Moment 

B 

Wheel Electronics 

1 

4. 5 

4.5 


Gyro {Double 

C 

Torquer, Damper & Resolver 

2 

4. 5 

4. 0 


Gimbal) 

D 

Magnetometer (3 Axis) 

1 

3. 2 

3. 2 


(500 ft-lb-sec) 

E 

Amplifier 

1 

1.4 

1.4 



F 

Coil 

3 

4.6 

13. 7 



G 

Remote Terminal 

1 

2. 0 

2. 0 



H 

Power Conditioning 

1 

2. 0 

2. 0 




Cabling 

AR 

5.0 

5. 0 




Connectors 

AR 

2. 0 

2. 0 




Environmental Protection 

AR 

5. 0 

5. 0 




Structure 

AR 

17. 0 

17. 0 




TOTAL: 



132. 8 


NOTE: AR = As Required 
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Table A- 1 


Standardized Subsystem Modules 

Attitude and Velocity Control System (Cont’d) 


Module 

Code 

Module 

Name 

Item 

Component 

Qty 

Weight (kg) 

Item 

Total 

AVCS-5 

Sensing 

A 

Aux Electr onic s As s y (AEA) 

1 

4.5 

4.5 



B ! 

Rate Gyro Package 

1 

1.4 

1.4 



C 

High Alt. Horizon Sensor 

1 

5. 5 

5.5 



D 

Sun Aspect Sensor 

5 

2. 3 

11. 5 



E 

Remote Terminal 

1 

2. 0 

2. 0 



F 

Power Conditioning 

1 

2. 0 

2. 0 




Cabling 

AR 

5. 0 

5. 0 




Connectors 

AR 

2. 0 

2. 0 




Environmental Protection 

AR 

5. 0 

5. 0 




Structure 

AR 

17. 0 

17. 0 




TOTAL: 



55. 9 

AVCS-5A 

Sensing 

A 

Aux Electronics Assy (AEA) 

1 

4. 5 

4.5 



B 

Rate Gyro Package 

1 

1.4 

1.4 



C 

Low Alt. Horizon Sensor 

1 

5.5 

5. 5 



D 

Sun Aspect Sensor 

5 

2. 3 

11.5 



E 

Remote Terminal 

1 

2. 0 

2. 0 



F 

Power Conditioning 

1 

2. 0 

2. 0 




Cabling 

AR 

5. 0 

5. 0 




Connectors 

AR 

2. 0 

2. 0 




Environmental Protection 

AR 

5. 0 

5. 0 




Structure 

AR 

17. 0 

mkmjM 




TOTAL: 



mam 

■ 

AVCS-6A 

Sensing 

A 

Aux Electronics Assy (AEA) 

1 

4. 5 

4. 5 



B 

Gimballed Star Tracker 

1 

18. 1 

18. 1 



C 

Low Alt. Horizon Sensor 

1 

5.4 

5.4 



D 

Sun Sensor 

5 

2. 3 

11. 5 



E 

Remote Terminal 

1 

2. 0 

2. 0 



F 

Power Conditioning 

1 

2. 0 

2. 0 




Cabling 

AR 

5. 0 

5. 0 




Connectors 

AR 

2. 0 

2. 0 




Environmental Protection 

AR 

5.0 

5. 0 




Structure 

AR 

17.0 

17. 0 




TOTAL: 



72. 5 


NOTE: AR = As Required 











Table A- 1 


Attiti 


Module 

Code 

Module 

Name 

Item 

AVCS-7 

Hot Gas 
Propulsion 
(N Z H ,) 
Small Tank 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

AVCS-8 

Hot Gas 

A 


Propulsion 

B 


(n 2 h 4 ) 

C 


(Large Tank) 

D 



E 



F 



G 



H 



I 



J 



K 


NOTE: AR = As Required 


Weight (kg) 


Component 

Qty 

Item 

Total 

Nitrogen Tank (7. 5-in OD) 


2. 3 

2. 3 

Start Valve 


0.5 

0. 5 

Regulator Valve 


1. 8 

1. 8 

Temperature Tranducer 


0. 05 

0. 1 

Pressure Transducer 


0. 05 

0. 1 

Hydrazine Tank (15 -in OD) 


4.0 

4. 0 

Latching Valves 

2 

0.5 

1.0 

Thruster (0. 1 lb) 

4 

0. 9 

3.6 

Thruster (5.0 lb) 

3 

1.4 

4. 2 

Remote Terminal 

1 

2.0 

2. 0 

Power Conditioning 

1 

2. 0 

2. 0 

C abling 

AR 

5.0 

5. 0 

Connectors 

; ar 

2. 0 

2. 0 

Environmental Protection 

AR 

5. 0 

5. 0 

Structure 

AR 

17. 0 

17. 0 

TOTAL: 



50. 6 

Nitrogen Tank (7, 5-in OD) 

1 

2. 3 

2. 3 

Start Valve 

1 

0. 5 

0. 5 

Regulator Valve 

1 

1. 8 

1. 8 

Temperature Tranducer 


0. 05 

0. 1 

Pressure Transducer 


0. 05 

0. 1 

Hydrazine Tank (24-in OD) 

1 

11. 0 

11. 0 

Latching Valves 

2 

0. 5 

1. 0 

Thruster (0. 1 lb) 

4 

0.9 

3. 6 

Thruster (5. 0 lb) 

3 

1.4 

, 4. 2 

Remote Terminal 

1 

2. 0 

2. 0 

Power Conditioning 

1 

2. 0 

2. 0 

Cabling 

AR 

5. 0 

5. 0 

Connectors 

AR 

2. 0 

2. 0 

Environmental Protection 

AR 

5. 0 

5. 0 

Structure 

AR 

17. 0 

17. 0 

TOTAL: 



57. 6 




















Table A-2 


Standard Subsystem Modules 
Guidance and Navigation 







Weight (kg) 

Module 

Mod ule 






Code 

Name 

Item 

Component 

Qty 

Item 

Total 

GN- 1 

Intertiai 

A 

Control and Readout 


18. 1 

18. 1 


Measuring 


Electronics 





Unit 

B 

Three Rate and Rate 
Integration Gyro Assy. 

1 

18. 1 

18. 1 



C 

Three Accelerometr y 
Assembly 

1 

9. 1 

9. 1 



D 

Power Conditioning 

1 

2. 0 

2. 0 



E 

Remote Terminal 

1 

2. 0 

Z. 0 




Cabling 

AR 

5. 0 

5. 0 




Connectors 

AR 

2. 0 

2. 0 




Environmental Protection 

AR 

5, 0 

5. 0 




Structure 

AR 

17. 0 

17. 0 




TOTAL: 



CO 

U) 

GN~2 

Guidance & 

A 

Input /Out Unit 

1 

3. 2 

3.2 


Control 

Processor 

B 

Memory Unit 

1 

3.2 

3.2 


Assembly 

C 

Arithmetic & Control Unit 

1 

3. 2 

3. 2 



D 

Power Conditioning 

1 

2. 0 

2. 0 



E 

Remote Terminal 

1 

2. 0 

2. 0 




Cabling 

AR 

5. 0 

5. 0 




Connectors 

AR 

2. 0 

2. 0 




Environmental Protection 

AR 

5. 0 

5. 0 




Structure 

AR 

17. 0 

17. 0 




TOTAL: 




42. 6 


NOTE: AR = As Required 



A-5 




















Table A-3. Standardized Subsystem Modules 

Telemetry, Tracking and Command 


Module 

Module 




Weight (kg) 






Code 

Name 

Item 

Component 

Qty 

Item 

Total 

TTC-1 

Telemetry, 

A 

Transmitter(C Band,0. 1W) 

1 

2. 0 

2. 0 


Tracking & 
Command 

B 

Receiver (C-Band) 

2 

4. 0 

8. 0 



C 

Signal Condition 

2 

2. 0 

4. 0 



D 

Horn Antenna (C-Band) 

1 

2. 0 

2. 0 



E 

Diplexer 

1 

1. 0 

1.0 



F 

Hybrid 

1 

1. o 

1. 0 



G 

Power Conditioning 

1 

2.0 

2. 0 



H 

Remote Terminal 

1 

2.0 

2. 0 




Cabling 

AR 

5. 0 

5. 0 




Connectors 

AR 

2. 0 

2. 0 




Environmental Protection 

AR 

5. 0 

5. 0 




Structure 

AR 

17. 0 

17. 0 




TOTAL: 



51. 0 

TTC-5 

Telemetry, 


Transmitter(S Band, 8W) 

2 

2. 0 

mm 


Tracking 

Command 


Receiver (S-Band) 

2 

4.0 

n 




Signal Condition 

2 

2. 0 




D 

Baseband Assembly 

1 

1. 0 

m 



E 

Omni Antenna (S-Band) 

2 

1. 0 

2. 0 




Diplexer 

1 

1. 0 

1. 0 




Hybrid 

1 

1.0 

1.0 



H 

Power Conditioning 

1 

2. 0 

2. 0 



I 

Remote Terminal 

1 

2. 0 

2. 0 



J 

Recorder # 1 ( 1) 

1 

7. 0 

7. 0 




Cabling 

AR 

5.0 

5. 0 




Connector 

AR 

2. 0 

2. 0 




Environmental Protection 

AR 

5. 0 

5. 0 




Structure 

AR 

17. 0 

17. 0 




TOTAL: 



61. 0 


(1) Recorder #1 Off-the-shelf (1 Mbit/sec) 
NOTE: AR - As Required 




A- 6 





















Table A- 3. Standardized Subsystem Modules 

Telemetry, Tracking and Command (Gont'd) 


Module 

Code 


Module 

Name 



Component 


Weight (kg) 
Qty Item Total 


Transmitter (S-band 8W) 

—11 

Receiver (S-band) 

2 

Signal Condition 

2 

Baseband Assembly 

1 

Dish Antenna(S-band, 1.5') 

1 

Omni Antenna (S-band) 

1 

Diplexer 

1 

Hybrid 

1 

Power Conditioning 

1 

Remote Terminal 

1 

Cabling 

AR 

Connectors 

AR 

Environmental Protection 

AR 

Structure 

AR 

TOTAL: 


Transmitter (S-band, 40W) 

1 

Receiver (S-band) 

2 

Signal Condition 

2 

Tracking Circuitry 

1 

Tracking Ant. (S-band, 1.5*) 

1 

Omni Antenna (S-band) 

1 

Antenna Drive 

1 

Hybrid 

1 

Power Conditioning 

1 

Remote Terminal 

1 

Cabling 

AR 

Connector 

AR 

Environmental Protection 

AR 

Structure 

AR 

TOIAL: 



Telemetry, 
Tracking & 
Command 


Telemetry, 
Tracking &: 
Command 






2 . 0 
1 . 0 
1 . 0 
1. o 

1. o 
1. 0 

2 . 0 
2 . 0 
5. 0 
2 . 0 
5. 0 

17. 0 



1. 0 
2 . 0 
2 . 0 
5. 0 
2. 0 
5. 0 
17. 0 


4. 0 
1. 0 
1 . 0 
1 . 0 
1. 0 
1. 0 
2 . 0 
2 . 0 

5. 0 
2 . 0 
5. 0 

17. 0 


54. 0 


8 . 0 

8 . 0 

4. 0 
2 . 0 
3. 0 
1. 0 
2 . 0 
1. 0 
2 . 0 
2 . 0 

5. 0 
2 . 0 
5. 0 

17 . 0 


62. 0 


NOTE: AR = As Required 















Tabic A- 4 


Standardised Subsystem Modules 
Data Processing 


Module 

Code 

Module 

Name 

Item 

Component 

Qty 

Weight (kg) 

Item 

T otal 

DP- 1 

Data 

A 

Program Storage Memory 

1 

2. 0 

2. 0 


Processing 








B 

Data Bus Processor 

1 

4. 0 

4. 0 



C 

Data Storage Memory 

1 

3.0 

3. 0 



D 

1/ O Processor 

1 

4. 6 

4.6 



E 

Power Conditioning 

1 

3.2 

3.2 



F 

Cabling & Connectors 

1 

8. 2 

8.2 




Connectors 

1 

2. 3 

2. 3 




Environmental Protection 

1 

4.5 

4. 5 




Structure 

1 

15. 0 

15. 0 




TOTAL: 



46. 8 


A- 8 










Table A- 5 


Standardized Subsystem Modules 
Electrical Power System 


Module 

Code 

Module 

Name 

Item 

Component 

Qty 

Weight (kg) 

Item 

Total 

EPS- 1A 

Battery 

A 

6 AH Battery 

2 

7.2 

14. 0 



B 

Charge Controller 

2 

4.5 

9. 0 




Cables 

AR 


3. 0 




Connectors 

AR 


2. 0 




Structure 

AR 


17. 0 




Environmental Protection 

AR 


5. 0 




TOTAL: 



|l 

EPS- 1C 

Battery 

A 

6 AH Battery 

6 

7. 2 

43. 0 



B 

Charge Controller 

6 

4.5 

27. 0 




Cables 

AR 


8. 0 




Connectors 

AR 


5.0 




Structure 

AR 


17. 0 




Environmental Protection 

AR 


5. 0 




TOTAL: 



105. 0 

EPS-2 

Battery 

A 

50 AH Battery 

2 

47. 6 

95. 0 



B 

Charge Controller 

2 

4.5 

9. 0 




Cables 

AR 


3. 0 




Connectors 

AR 


2. 0 




Structure 

AR 


17. 0 




Environmental Protection 

AR 


5. 0 




TOTAL: 



131. 0 

EPS-3 

Solar Array 

A 

Motor 

1 

9. 0 

9. 0 


Dr. 

B 

Engage Mechanism 

1 

14. 5 

15. 0 




Cables 

AR 


3. 0 




Connectors 

AR 


2.0 




Structure 

AR 


i 7. 0 j 




Environmental Protection 

AR 


5. 0 




TOTAL: 



51.0 1 


NOTE: AR = As Required 



























APPENDIX B 


This appendix contains a computer printout of the satellite 
weights generated by the synthesis methods discussed in subsections 5. 3 
and 5. 4 of this report. The four reference satellites are listed first, 
followed by the five selected examples. The data resulting from the use 
of the subsystem similarity selection process (buildup) appears on the first 
nine pages, while the results of the equation method are shown in the final 
nine pages. 
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s» E. P. DRV rfT. 
DkT PROPULSION 
ORT ATTIO.COST. 

ELECTRICAL* 

Ji^EP EaulP " s ' 11 


ISC. CDM 


BASt 


COM 10 
COM ID 
COM ~r 


IX = 

TY i IZ 


COM 

-COM- 

COM 

COM 


expend 

FflCTITR- 

l.C u 
1 . 5-* 

I .TB- - 

t# • U L, 

1 .00 

1.28 

7/5— 

1.45 
1 » u 9 
u .0 u 


REUSE 

factor- 

l.fl i 
1.74 
'1,79" 
C. j 1 
l.Oi 
1.20 

VT5“ 

1.45 
1.0 9 


STAND. 
-FACTO fr- 

0.08 

1.03 

1, lit) 

J > uu 

0. GC 

1. D9 


1. G4 
1.00 


7. 0568 
9rSt2fr 

A g 

CURRENT MOD 

HEIGHT CURRENT 


33/26/74 


LON COST 

EXPEND REUSE 
HEIGHT - HEIGHT 



1464. 

115. 
“ 224. 

C . 
0. 
246. 
“trfrr- 
1050. 
752. 


1875. 

130. 

224, 

U * 

C » 
275. 

' “45.- 
1650. 
752. 


STANDARD 

suBsrsrv 

838. 

33. 

172.- - 
0. 

Q * 

218. 

1957 

753 . 


CREW EQUIP. 

ORY HEIGHT 

S.E.P, PROPELL. 

- MAITTRROfrRtt. — 

3L 

b »S li 
6 « u b 
b • Q ii 

i *ao 

ir.-rt 

0.0 L 
4.0; 

0 .0 c 

7732 
0.00 
0.03 
3 . 00 

0".— 

J i 

2324 . 

3. 

u • 

G7- 

0. 

2652. 

0. 

U. 

97“ 

33961 

0. 

0. 

97 - 

, a* 

4351. 

0 • 

0. 

— Or 

„ 0 , 

2819, 

ATT. CONT, PROP, 

WET HEIGHT 

TOAPTfrR HEI GHT — 


L ft Cl G 

Ir ftOil 

ii • 3 i. 
0.0 L 

0.0 c 

J . 40 
0.00 

0.00 

405 ! 
2729. 

J7 
45 1, 

3114, 

U3lT 

50 27 ft 

Or 

1264. 

5 615. 

— tt2i 

0. 

5728. 

49lT 

pallet HEIGHT 
launch height 

— — 

i< .ii U 
J .tlU 

L • DO 

4.01 

fl.OC 

m 0 • 0 \ 

-trror- 

J. 00 

0.00 

Sz> t 

3. 

14 fT 

3255. 

ttl7“ 

G. 

5127. 

3310 . 

1337 - 

0. 

3442. 


.cNGTH IFF.) 

D1AHETER (FT. > 
"VOLUME (CU. FT . > — 
OtNSirr (LB/CU.FT) 
SATELLITE LIFE 
MEAN MISS, DURATION 

THICKNESS (IN. I 
SIR. FACT. 

BOOST . OI AM. (FT) 

~ ttXfST- gq. LG. ( FTT 
MISS. -Q. DIAM.CFT) 
SAT. ENVELOPE LG. > 
SAT. ENVELOPE DIAM.t 
- “NtthfrE*- OF MOOtJL EST- - 



11.5 12. 8 

10.4 _ 12.8 

983.7 1657.fr 


13.6 

13.6 

-197fr. 3 - 
2.8 
3.3 
5.0 

* — .5 

• 0 7} ? 
.531 

14.7 


0.0 
10.0 
9t9 

1:1 

5.0 

,0481 

.339 

14.7 


4.5 
5.0 
14.5 



CODE NU18ER I 


3 


ZZ/Zbf7i> 






CODE NUMBER » 


6. NEO-6 


STRUCTURE OJO 10 

ENVIRON. CONT, OAO 5 

Guru , Nfl V'. T GTTTE. ETTS 3 

S. c. P« DRY HT. 

DRT PROPULSION 

QRT ft TTI 0 . CONT. COH 7_ 


c. o. p. r. — n: 


ELECTRICAL 
MISS. EQUIPMENT 

lander 

RESTtnntfs ~ 
CREW EQUIP. 

QRT HEIGHT 

S.E.P . PROPEL! . _ 
HAIM PROPEGt. 
ftTT. CONT. PROP. 

HET HEIGHT _ , 

-■ adapted height 
pallet height 

LAUNCH HEIGHT 


OAO 2 
EOS 1 


EXPEND REUSE 

— factur " ta-ctor 

1 • u 3 l.fli- 

1.23 1 .34 

XiE73 IVU o 

L .00 0 * B <z 

1.00 1 . 0 C 

1 .R 8 1 • 2 B 

rnnr mrx 

1.44 1.44 

i.co l.gc 

0. 110 o.o c 

u.ud tmnr’ 

u . 0 o - o.oc 

1. . J L 0.01 

u.GO 0 .0 1 


0.0 I 

-TT/nr 

0.0 t 


LENGTH ift.) 
OIAHETEK IFT.) 


DENSITY (L8/CU.Fn 
SATELLITE LIFE 
MEAN HISS. 0UH.ATIQ N 

adapt . length rm 

THICKNESS (IN. I 
STR. FACT. 

BOOST . OI AH. (FT) 


HISS, EQ. OIAM.CFT) 
SAT. ENtfELOFt LG. i 
SAT. ENVELOPE DIAH.) 
WHBERT'OF^ffCIJtUEST " 


I 




ja/'zbm 


CODE NUMBER * 


ITEM 


STRUCTURE 

environ, cont. 
guio. mr. + sr r \5. 

S. £. P. DRY HT. 
DRY PROPULSION 
ORY ATTIO. CO'JT. 

” C." 0. P.^I. 

ELECTRICAL 
HISS. EQUIPMENT 
LANDER 

“ ' -RESIDUAL'S" ~ - ~ — 

CREH EQUIP. 

ORY HEIGHT 

S.-E.P. PROPELl. 


9. 


BASE 


EDP-9 
IX = 

rr - iz -=~ 


SEO 10 
SEu 10 
EOS "? 


EOS 

"SETT 

SEO 

EOS 


3L 


EXPEND 

FACTOR- 

l.CO 
1*66 
“V.SB 
L * Gu 
1 * Ou 
1.23 

— ires — 

t.ai 

l.QO 


RE USE 

FACTOR- 

l.uK 

1.35 

rnre - 

0 . o C 

1 • u I 
1.26 

— ires 
1.31 
l.o c 


STAND. 

FACTOR 


.1659 

■ .-mi* 

a a 

CURRENT iOD 

- WETTHT - TURREWT 


LOH COST 
C D 

EXPEND REUSE 

HEIGHT— HEIGHT ~ 



L .GO 

! p.q c 


t rc o 
u .Go 

' ala c 


d . 00 

47. 

137. 

232. 

325. 

i.ao 

5 • 

6* 

3. 

9. 

T.95— ' 

’* 5TT " 

- TO". - 

- 54. " 

' "54.- 

O.GO 

Q. 

0. 

U • 

0. 

C . GO 

3 . 

G ■ 

a . 

0. 

1. €4 

23 . 

25. 

30. 

35. 

ires 

"36 . 

3 6. 

- 46. 

46. 

1. 75 

65 • 

70. 

113. 

116. 

1.00 

40 . 

40. 

40. 

40. 

0. GO 

0 . 

0. 

a. 

0. 


STANDARD 


139. 
Ik. 
95 -; - 
0. 
Q. 
33. 
-39T- 


- -TWIN PRO P E LL " . 

ATT. CONT. PROP. 

NET HEIGHT 

PALLET HEIGHT 

LAUNCH HEIGHT 


L .Lib 
L . Q Li 

Tar 

0 .Lb 


0.0 t 

U . 0 L 

err 


.a c 



G.O t 
'C.ffT 
G.0 0 

0.0 C 


LENGTH {FT.) 

OI A HETEE (FT.) ^ 

DENSITY £L8/Cu!fT) 
SATELLITE LIFE 
M EAN MISS. _ DURATIO N 

THICKNESS (IN.) 

STR. FACT. 

B O OST .OIAH. CFT) 

MiSsI EOI OIAH. (FT) 
SAT. ENVELOPE LG.) 
SAT. ENVELOPE OIAH.) 
-rttmBEK" OF' MODULE'S) " 



!*!> •!»! 
14.7 14.7 


i C40J! 




REPRODtJCSBILfFY OF THE 
OPJCHNAL PAGE IS POOR 


CODE NUMBER 1 


ITEM 


NNO-5 


9ASE 


IX = 

'IT'- TT~ 


EXPEND REUSE 
■FACTOR '“FTVC TOR 


STAND* 

FACTOR 


. 607 * 

i.'trsev 

A 3 

CURRENT *> 00 

~HEI3RT TURRENT 


38726/74 


UOH COST 
C □ 

EXPEND REUSE 

HEIGHT - HEIGHT - 


STAN DARD 

-suBsrsrv 



STRUCTURE 
ENVIRON. CO NT* 

SEO 

SE8 

lu 

10 

l.uu 1.0 1 

1.7 7 2.36 

u.Ob 
1. CO 

137. 

17. 

22 7. 
19. 

536. 
30. 
“ 79. 

C . 

0 t 

96. 

ZG.~ 

3 04. 
88. 

a. 

606. 

35. 

284. 

28. 



' - GUTD. N ATT i ~ T “STTT3 . 
S. £. P. DRY HT. 
DRY PROPULSION 
ORY ATTIO. CONT. 

■ SEO 
COM 

“2 

7 

~ I * 0 7 1 . liT 

l . u u 0 . Q w 

1.00 1.01 

1.28 1.20 

?■ 05* 
D.&U 
6 • UG 
1*G9 

r* • 
3 . 
3. 
40 . 

74. 

0. 

0. 

48* 

794 
0. 
0. 
124. 
■?6. 
30 4. 
88. 
G. 

1524 

0. 

0* 

44. 



-- c. d. p. r. 

ELECTRICAL 
HISS. EQUIP KENT 
LANOEfc 

3L 

SEO 

COH 

2 

5 

1.00 ITT * 

1.81 1.81 

1.09 1.09 

l.OQ Q.QC 

1 . uu 
1. 75 
1. 00 
C.OQ 

Zo . 
168. 
61. 
Q. 

26. 

179. 

81. 

a. 

"ZBT 

294. 

81. 

0. 



■- RESIDUALS 

CRE« EQUIP. 

ORY HEIGHT 

S.E.P. PROPELi.. 

BL 


u .W PT 

C * Jj 0 0 • 0 l 

L.Qm Q . l5 C 

U aCtl 0 * 0 t 

U 4 lit) 

o.oa 

з. 00 

и . 80 

J • 
0 . 

543. 
B . 

0. 

654. 

0. 

u * 
0 * 
1164, 

0. 

“TTV 

a, 

1463, 

3 • 

U . 
0. 
90 9. 
0* 


w 

■ HAITJ-pRDFtLL. 

ATT. CONT. PROP. 



CT08 OTtTC 

6.00 0.0 t 

U. 013 
0. uD 

3 • 
127, 

TT'. 

152. 

Q« 

453. 

Q • 

569. 

0 « 
eis* 


1 — * 

HET HEIGHT 



0 a Lu 0.00 

0. 00 

673. 

806. 

1617. 

2032. 

1121. 


Q 

- ADAPTER HEIGHT 

PALLET HEIGHT 



L * u u “DT3~T' 

L « u D tUQC 

u . uu 
0. 00 

0. 

170. 

a. 

143T 

0. 

T6T. 

a. 

“ol 



launch vieight 



0 *G 3 G.OC 

o.oa 

734, 

976. 

1760 . 

2193. 

1232. 






LENGTH (FT.) 
DIAMETER (FT.> 


7.8 

5.8 

8.3 

6.1 

8*9 

3,5 

9.2 

9.2 

a. n 
10. Q 






— rocoMt (cu. FTrr 
DENSITY ae/CU.FT) 
SATELLITE life 
MEAN HISS. DURATION 
SHAFT ■ 1 PNflTH rm - 

' '2(15.0 '" 
3.3 
7.0 
7.0 
ZTl 

245.5 

3.3 

7.0 

7.0 

-4TT" 

492.4 

3.3 

11.7 

7.0 

°' L 3l3 

11.7 

7.0 

2.7 

trrj 

?:S 

7.0 





THICKNESS (IN.) 

SIR. FACT. 

BOOST . DIAH. IFH 
HISS. tU. LG. (FTJ 
HiSS. EQ. DIAM. (FT) 
jAT. ENVELOPE LG.) 
SAT. ENVELOPE DIAM.) 

RDailLTST-- 


. 0 >t 0 B 

.257 

10.0 


0 400 
.257 
14,7 


.499 

14.7 


.658 

14.7 


,339 

14.7 

- ~ 4 Tff 
5 .3 
7.9 
14,5 
6 VIS- 



-11 




td 

i 


COOE NUMBER I 


ITEM 


STRUCTURE 

environ, cont. 

GUIOr NAV . + STUB . 
5. E. P. ORY HT. 
DRY PROPULSION 
-- ORY ATTIO. CONT. 

c. d . p» r, -■ 
electrical 

f*J5fJAr- EQU I p MENT 

lander 

RE SI Boat's 
CPtW EQUIP, 

DRY HEIGHT 

S>;. P. PROPEL. , 

fAin-pRomrv^- 

ATT. CONT. PROP. 
MET HEIGHT 

adapter height- 

PALLET NEIGHT 

_ launch height 


10. EOS 


BASE 


ECS lti 
EOS 1 0 


IX = 

TT = IZ 


“XPtND 

tactur 


REUSE 

FACTOR 



.ENGTH ift„> 
DIAHETER (F T.) 

vol UHi ictrr'FT.-r 


STANO. 

F A U TO F 

u . uu 

i.Ofi 
T“.T>5 ' 
0,00 
u. 00 
1 . -5 u 
V 89 
A. 05 
l.CG 
0,00 
nn-cr- 
0. 00 
0. CO 
u • 0 0 

TOGO 

0 * 00 

0.00 
<J • DO 
tl.OQ 

0 . 00 


5.7969 

GT.9653 

A D 

CURRENT iOQ 

FEITOT UURRTNT 


0 8726/74 


LOW COST 

|KPENp_ REUSE 
RETGHr HEIGHT' 


STANDARD 

SOBSTST. 



4531. 


density < l s/c u*ft ) 
satellite life 
— 'll ss . ourati on 

TFTT— 

|fiOSJ._piAM. (FT) 

FcrorGr-rFTT— 
MISS, CQ. DIAM. (FT) 
SAT. ENVELOPE IG. ) 
__£*T« tNVELOPE DIAM.) 
UUHeERTOFTfODtJLESr 



,0626 

.282 

10.0 


14.6 
14 . 6 

- 2 TG 2 T|— “rrcsvT 

2.7 
3,3 
2.0 

.5 

.0729 
. 397 

14.7 




COOt NUMBER t 


ITEM 


STRUCTURE 
ENVIRON. CONT. 
GUIO. NflV. f 5TA37 
S. E. P. ORY HT. 
ORY PROPULSION 
DRV ATTIO. CONT, 

C7 O. P . I . ‘ - - 
ELECTRICAL 
HISS. EQUIPMENT 
LANDER 
RESIDUALS" ~ 

CREW EQUIP. 

ORY HEIGHT 

S.E.P. PROPELL. 

-WAIN FROPELIr, 

ATT. CONI. PROP. 

NET HEIGHT 

ADAPT ER-HEI GHT 

PALLET HEIGHT 

LAUNC'-i HEIGHT 


2 l . OAO 


BASE 


OAQ 10 
OAO 5 
OAO I 


IX = 

IT - II = 


EXPEND 
- ACTOR 


REUSE 

FACTOR 



C * v b 
u .tit 


o.oc 

trrrr-- 

0. 0 l 

0.0 L 


STAND, 

FACTOR 

0 • Gu 
1.00 
1.9? 

G • GO 

0. 00 

1 . 77 
.97 
.58 

1.00 

з . 00 
"u, QQ 

и . uO 

0 . Cu 

0 .DO 

“ D.'UO 

U. 00 

u . GO 
" 0 .- 00 — 
J. 00 

0.00 


7. 49D9 
2 87 7325 

A B 

CURRENT HOD 

weight current 


08/26/74 


LOH COST 

EXPEND REUSE 
H-TGHT HEIGHT 


STANDARD 

subsist. 


1141 . 
103 . 

~ TIE. 
i . 

13 j* 
955 i“ 
1232 • 
967 . 

0 . 

0 .’ 

0 . 

4745. 

0 . 

~ — or 

65 . 

4811 . 
— 957 “ 

0 . 

49 u 7 , 



5653. 


2003. 

231. 

res. 

0. 

Q. 

36, 

3247 

1774. 

1876. 

0 . 

* — re- 

o. 
70 67. 

0. 

164* 

7231. 

T 45 V- 

0. 

7375. 


2425, 

248. 

823. 

0. 

0. 

38. 

tt 24 s 

1774, 

1876. 

0. 

-JJV ' 

, a* 

7508, 

O. 

o 

174, 

7682, 

-“tS 4 j 

0. 

7835. 


1186, 

117, 

10697 

D. 

0. 

235 . 

“SQT. 

719. 

967. 

a. 

07“ 

o. 

4626. 

0 Q 

0 ’S 

64 • 

4684. 
1 52. “ 
0 . 

4836. 


uENGTH {FT. I 
DIAHETER (FT , 3 

-ycture- t c U' .~" ftt t 

DENSITY (LB/CU.FT) 
SATELLITE LIFE 
H E^ Nj HISS.^DU h A TI ON 

thickness' cih.T"” 

STR. FACT. 

BOOST . DIAM. (FT> 

■ *?SST 5117 CoT - — TFTT 

MiSS. EQ. 01 AM . (FT) 
SAT. ENVELOPE LC.> 
SAT, ENVELOPE OIAM.) 
mfflBER— OF MODULES^ ” ■■ 


i<‘ . Q 
7.6 

- — 77mr— 

5.2 

1.5 

1.0 

— i J. 

17.7 
7. 9 

"•6ST.6 - 
6.2 
1,5 
1.0 

17.6 

14.7 
29717-0— 

2.4 

1.7 

1.0 

19.4 

14.7 

0.0 
10. 0 

32TS79 
2.3 
1.7 
1.0 

0*0 

0.0 

1.5 

1.0 

■t • £ 

• 0685 
.311 
10.0 

674 

.0741 

.311 

14.7 

*5’ ’ 
.0813 
.363 
14.7 

.0847 

.451 

14. 7 

Z, 2 r 

.0549 

.339 

14.; 

i 

\ 

1 

1 

, 


i 

778 

4.0 

15.8 

14.5 

2tj-.6tr 



B - 1 4 


CODE NUH02R t 

SC. COM 

IX = 

TY = 17 



7.3565 
9 1612a 


48726/74 







B 

1QD 

LOH COST 


ITEM 

SA SE 

EXPENO 

FACTOR 

REUSE 

TJTtlTOR 

stand. 
— FACTOR" 

cu rent 

EXPEND 

u 

REUSE 

STAMOAO 



ntjLjni 

HEIGHT 

HEIGHT 

Gtxssrsr; — 

STRUCTURE 
ENVIRON. GONT. 

“ GLftC. "WAV', f STAR, 

S. E. P. DRY W T . 
DRY PROPULSION 

ORT ATTIO. CONT. 

C . O* P * I. 
ELECTRICAL 
MISS, EQUIPMENT 
LANOER 

— REsrotrrrrs 

CREW EQUIP. 

DRY HEIGHT 

S.E.P. PROPEL,. 

COM 1j 
COM 10 

crm— r 

COM 7 
TCOR S 
COM 7 
COM 5 

1 • 0 u 
1.54 
r.79 

L . 0 U 
1.00 
1.26 
“ 175^ 
1.45 
1.09 
0 ,00 

1.0 C 
1.74 

— r.rr 
0.40 
1.4 C 
1.26 
175 
1.45 
1.09 
0 .DC 

u • 00 

1. ou 

450, 

75. 

697. 

B2. 

14 64. 
115. 

1875. 

130. 

939. 

93. 

i • t( 
0.00 
0 . uj 
1.45 

125 . 

o . 
a . 

26C . 

125 . 

0. 

0. 

228. 

"22CT 

0. 

0. 

246. 

- 224V 
Q. 
0. 
275. 

- 2j97 

0. 

0. 

209, 

1. To 
1. 17 
1, 00 
0. 00 

~6S . 
724. 
6 93. 
0 . 

a U . 

7 70. 
690. 
Q. 

45. 

1850. 

752. 

0. 

451 - 
1050. 
752. 

0. 

‘~94T 

845 . 

690. 

0. 

BL 

v 

L • Li L) 
ti «0u 
L> « U Cl 

0.0 L 
0.0 C 
0.0 ( 

u • On 
0. 00 
0 . UG 
0 • OQ 

u . 
0 . 

2324. 

a . 

— or 

0. 

2652. 

G. 

0.* 

3896, 

0. 

- 6. 

0. 

4351. 

4. 

■ Sl 

0. 

3159. 

0. 

fiHi ft mUrcLL# 

ATT, CONT. PRD P. 


1 , o u 

L .CO 

a.oc 

in gq 

G * 0(r 

n ■ 

405 • 

61 — 

451. 

11 31? 

oi — 
1264. 

OV" 

550 . 

WET HEIGHT 


il » G l) 

0.0 I 

0.00 

2723 • 

3114. 

5027. 

5615. 

3709. 

pallet height 


U t ?y J j 

t ■ ■ : i 

n.irr 

0.00 

0 . 00 
4. 00 

5? • 
0 • 

~nrn 

0. 

g! 

— 112. ■' 

3. 

1 139.- " 

0. 

LAUNCH HEIGHT 



£ .00 

C > fljj 

4 « 00 

27 84. 

3255. 

5127. 

5728. 

3848. 


i-bHGTH (FT.) 

DIAMETER (FT.) 

~TOtUNE“I ravTTTi — 

DENSITY ( L 0/C U. FT ) 

satellite life 

HE AN MISS. DUhATIQN 

.:d apt i~rDTCTFr (FT) 

THICKNESS (IN.) 

SIR. FACT. 

BOOST . DIAM. (FT) 

-par rs v rm — 
MISS. £Q. DIAH.(FT) 
SAT. ENVELOPS LG.) 

SAT. ENVELOPE DIAM.) 
TEUM0ER- OF HOULCEST — 


11. Li 

10. o 

- W-TIT 



CODE NUMBER I 

3. 

AST 

- 3 





3 8/ 26/74 




IX = 



1. 3319 



_ ' 

• • - - 

.1 — 

~£Y~- IT 

S - - - 

Iu3T77 

. . 

• 









L OH COS 







A 

3 

C 

ITEM 

BASE 


EXPEN 0 

REUSE 

stand. 

CURRENT 

100 

EXPEND 




-FACTOR- 

FACTOR - 

—FACTOR 

- fteisht— 

CURRENT 

"HEIGHT- - 

STRUCTURE 

0 AO 

lu 

1 -GO 

1.06 

0. GO 

100] . 

1311. 

13 7u . 

ENVIRON. CONT. 

OAO 

3 

5.12 

5.37 

1. 00 

3. 

0. 

0. 

GDIS. NAV. + 5TA3. 

— ECS" 

-J 

— Tiia — 

~IT33— 

“ 1. 53 

— 503 i~ 

-5Dr.~ 

540-;- 

S. E. P. DRY WT . 



ti >0u 

0,0 t 

a. oa 

3. 

c « 

0. 

CRY PROPULSION 



1 . L.C 

1.00 

u . (jQ 

0. 

0. 

0. 

DRY ATT1D . CONT. 

EOS 

5 

1.20 

1.28 

2. 16 

5] , 

56. 

49. 

C. D. P-. I, ’ 

SRS 

~i ' 

1708 

TOTS' 

1 * 38 

143 . 

“JTT3, 

1 54. 

ELECTRICAL 

OAQ 

? 

1.44 

1.44 

1. £0 

350. 

410. 

534. 

HISS. EQUIPMENT 

SEO 

2 

1.47 

1.47 

1. 00 

945 . 

9*5. 

1389. 

LANDER 



£-.0 0 

0.0 0 

0. 00 

0 . 

0. 

0. 

RCSTOUALT "■ 



i/TD0 

U t G L 

U » QG 

IT • 

G * 

£ * 

CREW EQUIP. 

BL 


t* * It d 

0,0 0 

u <00 

3. 

a. 

0. 

?Y WEIGHT 




0 . 0 l 

u • 00 

2989 . 

3365. 

4006. 

S.E.P. PROPEL.. 



6 «U 0 

0 .0 L 

0. DO 

3 . 

0. 

0. 


w 

1 

t— I 

Un 


ATT, CONT. PR3P. 

WET HEIGHT 
— ADAPTER- "WcTCHT — 
PALLET HEIGHT 

LAUNCH WEIGHT 


il -CO 

b .00 

-crtnr 
G .60 

L . 0 U 


0.0 I. 

li.JC 

-Tf-.xrtT- 

0.0 L 

a .1 <u 


D 

REUSE STANO*RQ 

"HEisrr suBsrsr. 

t 535. 954. 

0. 94. 

— 540i — TVS'. 

a. o . 

0. D . 

51. IQS. 

- 1551 197 .~ 

504. 559. 

1 389. 945. 

0. D. 

— IT. 

a. 

4173. 

0. 


0. 

3644. 

0. 

■Q- 


U. oO 

103. 

112. 

223. 

233. 

122. 


0. OG 

3003. 

3477. 

42 29. 

4436. 

3766. 


Till) 

a. oo 

104 < 
0. 

265. 

0. 

113. 

0. 

121V " 
0, 

1404 

Q. 


0.00 

0-192. 

3741. 

4347. 

4527. 

3906. 



LENGTH (*T.) 
DIAMETER (FT. ) 

vgeuue tcu.-tt . r - 

DENSITY (L8/CU.FT) 
SATELLITE LIFE 
MEAN HISS. D U RA TI ON 

thickness <in.) 

STR. FACT. 

BuOST. DIAH. (FT) 

Ti-trrr 

HISS. EH, DIAM. (FT) 
SAT. ENVELOPE LG.) 
SAT. ENVELOPE DIAM.) 
-ftOMBERr-OF tttmtESr- 


8.0 

4.0 



11.7 12.0 

11.7 12.0 

T255T3 134 9v0 

3.3 
3.3 
2.0 
±Ttf 


.0624 

.479 

14,7 


.0635 

.535 

14.7 


0.0 
10.0 
“070“ 
0.9 
2.0 
2.0 

— -2T3 

.0505 
.339 
14.7 
“4 ii)“ 

6.0 
7.0 
14.5 
15.20— 



COOE NUMBER t 


38/26774 


?H Y-2A 

IX = 

IT^' TZ' =~ 


ITEM 


BASE 


EXPEN 0 

nrcrcnr 


REUSE 

TJTCTOR 


STAND. 

FTrcrm? 


1.5082 
3.4337 ~ 

A 

CURRENT 

TTTrZjH'r 


B 

MOO 

-CURRENT 


LOH COST 
C 0 

EXPEND REUSE 

TFZTGHT HEIGHT - " 


STANDARD 

-strasrsTi 


5) 

STRUCTURE 
ENVIRON. CONT. 

■' 3UID. KA\T. > STT3. 
S. t. P. OP,Y HT. 
DRY PROPULSION 
DRY ATTIO . CONT. 

0 AO 
OAO 

lu 

5 

1.0 0 
2.80 

1.0 L 
3,41 

0 . JO 
i. 80 

70. 

53. 

159. 

52. 

1313. 

144. 
2-3. ~ 

0. 

0. 

395. 

1072, 

170. 

-'T5, — 

0. 

u. 

499. 

o.- 

374. 

367. 

0. 

512. 

50. 

-EOS 3 

COM 7 

u • 0 u 
l«0u 

1 . 2 a 

c'.o C 

1.0 L 
1.20 

' 'TTTE9 

U a 00 

3.00 

2.21 

bil . 

0 . 
3 . 

43, 

sm 

o . 

c. 

47. 

P** • 

8 : 

80, 

C. 0. P » 
ELECTRICAL 
MISS. EQUIPMENT 
LANOER 

3L “ 

OAO 

SEO 

2 

2 

I • 0"0” 
1.44 
1.47 
0 .80 

■ mrr 

1.44 
1.47 
Q ■ Q L. 

r.70" 
1. 70 
1.00 
0.00 

0 . 

2&D. 

250. 

3 . 

TT. 

274. 

250. 

0. 

J • 

374. 

367. 

0. 

01 

442. 

250. 

0. 

REST DUAL'S “ 

CREW EQUIP. 

DRY WEIC-NT 

S.E.P. FROPELl. 

UL 


l.GO " 1 

U itjO 

c.oe 

L • 0 J 

OSTTf 
0 .0 l 
0 .0 L 

0 • 0 L 

cmro 

0. 00 
0 a u3 
0. 00 

0 ♦ 
a . 
721 , 
3 . 

(J, 

0. 

852. 

0. 

0 . 

a, 

2617. 

0. 

0 . 
a. 

3307. 

0. 

a . 

0. 

1427. 

0. 

MAIN PROP ELL . 
ATT. CONT. PROP. 

HET WEIGHT 



u .cm 
0.00 

C * L 0 

o.irr 

0.0 i 

0.0 c 

Trnnj - 

0.00 

u. UQ 

0 • 

300 . 

lu 20 . 

0 . 

355. 

1207, 

0 . 
1315. 

4432. 

O'. 

2295; 

5 603. 

U . 

594. 

2021. 

O' 

ADAPTER RciGHT 




o.irr 

DTOo 

4U . 

1 3 a* 


112 * 

inn 


PALLET HEIGHT 



L.iiO 

Q.Oi 

0 • 00 

0 . 

0* 

u • 




■ LAuNCh WEIGHT 



u.OC 

0.0 c 

0 . Lu 

ia eo. 

13*5. 

4521. 

5 715. 

2132. 




LENGTH (FT.) 
DIAMETER (FT.) 

12.0 

7.6 

13.3 

8.4 

16.2 
14* 7 

20.6 

14.7 

0.0 

10.0 

— n — n 




VOLUME TCU. FTiT 
DENSITY { L B/CU, FT) 
SATELLITE LIFE 
MEAN HISS. DURATION 

oSTTU 
1 .6 
1.8 
1.0 

74tt« 3 
1.6 
1.0 
1.3 

t < 4 4VB 
1.5 
1,7 
1.0 

JHi r 3* r 
1.6 
i.7 
ll j 

— — ■ ■ — c — 

u tu 
0 .0 
1.0 
1.0 

9 . *T ■■ ■ 




ATTAPT .—LENGTH (FT) 

THICKNESS (IN.) 
SIR, FACT. 

3 DOST • 01 AM . <FT» 

1 o 2 

.0400 
.074 
10, 0 

3*T 
. 0400 
.074 
14.7 

.5 

• 0 665 
.421 

14. 7 

» S 

.0758 

*502 

14.7 

.0400 

,339 

14.7 

^ — p 




rrss . tu. LG. (FT) 

MISS. EQ. 01AM. (FT) 
SAT, ENVELOPE LG.) 
SAT. ENVELOPE 01 AM.) 





j • y 
4.0 
&.Q 

14.5 


’ • 



numb-er -of - -HtnnrEsr 





ITT. 25 




CODE MJH3EK X 


ITEM 


STRUCTURE 
environ* cont. 

QUID* NAY. + 3TA3. 
S. E. P, DRY H T . 
DRY PROPULSION 
DRY ATTI0, CONT . 

C . 0 » P . "IT* 
ELECTRICAL 
HISS. EQUIPMENT 
LANDER 

RESIDUALS' 

GREW EQUIP. 

DRY WEIGHT 

S.E.P. PROPEL- . 

'“HAITI PROPELS 

ATT. CONT. PROP. 

WET WEIGHT 

<TOAPT£R“iT£ IT5HT" 

PALLET HEIGHT 

LAUNCH HEIGHT 


6 . NEO- 6 

IK = 

IT - X7 = 


BASE 


OAO io 
OAO 5 
eos r. 


con 

31 

OAO 

EOS 


3L 


EXPEN d 
-FACTOR- 

1 . L 0 

1.23 

- 'i.ia- 

ii «ii 0 

i.u. 

1.26 

1^44 

1 .0C 

b *b 1* 

1 — LTStr 


. . 6 4 
u .00 
0 »0u 

Tr.inr 

o.GO 

u • 0 Q 
w . G 3 

b • 0 0 


REUSE 

FACTOR 

1.0 i 
1.34 
T.3S- 
0.0 i 
1.0(1 
1.28 
— mrr 

1.44 

1 . 0 £ 

0 . 0 <j 

— onrc 

C . 0 I 

D .0 t 

0 . 0 c 
— intnr 

0 . 0 ti 

0.0 1 
0 • 0 C 
0.0 ( 

0. J l 


STAND. 

FACTOR' 

0.00 
1 . 63 
1. E3 
0 . GO 

0 . D C 
2.16 
rvS9~ " 

1. 71 
i. JO 
Q. jO 

— u.“utr 
u. CO 
0. 00 
3 • 60 

- DT-flO - 

U . bu 

0.00 

— 3700" “ 

0 • 0C 

u • GO 


2 . 3800 
"4.7517 " ' 

A 3 

CURRENT 100 

-HEIGHT CURRENT 


300 . 
0. 
51 • 

3 . 
0. 
50. 
-51.- 
2 50. 
580 . 

3 . 

Ti- 
ll . 
1290 . 

0 . 

--■a; 

90 . 

1380. 

35“" 


45 0. 

0. 

5TT. 

u . 

a. 

57. 
'50 . 
276. 
590. 

0. 

tJT 

Q. 

1473. 

D. 

0 - — 

13 2. 

1575. 

-1ST—- 

0. 


3 8/2b/7* 


LQH CDS T 
C 

S< PEND 
HEIGHT 

= 39. 

O. 

65 * 

ll • 

0. 

4 4. 

- 50 ; ■ 

360 . 

580. 

0. 

IT. ' 

C * 

1738. 

0 . 

trr 

20 2. 

194C. 
T.-2-0T-- 

0. 


0 

REUSE 

HETG-Tt 

859. 

W * 

65Y 

li • 

(i • 

50. 
"50 • 
360 • 
580 . 

0. 

c * 

a • 
1963 . 

LI • 

— 0 . - 

229 . 

2192 . 

179. 


STANDARD 

sussrsr^ 



129. 


1974. 
— ITOt 


0. 


LENGTH (FT.) 

OlAflETER (FT.) 

— VOLUME fCU. FT.T 

DENSITY (LB/CU.FT) 
SATELLITE LIFE 
MEAN HISS. OURATIUN 

— ADAP T . i ENSfH"tPTt 

T rilCKNESS UN.) 

STR. FACT. 

BOOST. OIAH. (FT) 

- MTSS-.— EG; — t"ST ffT"> 

Hj-SS. ED. OIAH. (FT) 

SAT. ENVELOPE LG. > 

SAT. ENVELOPE 0144.) 

— NUMBER' OP MODULES) - 


12.0 

8.0 

-6Tnmr- 

2.3 

2.0 

2.0 

— 1 rfi— 
. £4U0 
.2 78 
10.0 


1727. 

2060. 

2321. 

2885. 

12.5 

10.3 

19.7 

0.0 

8.4 

10.3 

10.7 

la.o 

S85 .6 * - 

--S46T7 

958. T- 

Orfl- 

2.3 

2.3 

2.3 

0.0 

2.0 

3.3 

3.3 

2.0 

2.0 

2.0 

2.3 

2.0 

— -3*2 

Z r2r - 


*■ ~i^~ 

, 0436 

.04 56 

.0480 

. 0400 

. 278 

.491 

.644 

.339 

14.7 

14.7 

14,7 

14.7 
—2 -if- 


4*4 
5.7 
14.5 
7 .29 



CODE NUMBER t 


I TEH 


9 . 


3ASE 


EDP-9 
IX = 

— xri i z " - _ 


EXPEND 

FACTOR 


REUSE 

THCTOiT 


STAND. 

FACTOR 


. 16 59 

,T7 GA - 

a a 

CURRENT NOD 

RtrrTHT - turtott 


38726 774 


-OH COST 

E XPiNO 
HEIGHT 


0 

REUSE 

HEIGHT 


STANDARD 

strasryrr- 


STRUCTURE 

SEO 

10 

1 

l.(U 

0.40 

47. 

107. 

232. 

325. 

152. 

ENVIRON . COM, 

guto.— navt * stab. ~ 

SEO 

1G 

1 .66 

1.85 

1 . 00 

5 » 

6. 

8. 

9. 

15. 

ET75 TT 

i • U"B 

• J 3 

TTET 

• 

3"D • 

■ 

‘54. 

TJ4. 

S. E. P. DRY WT. 



u ,vii 

0.0 t 

0 • 00 

Q . 

0. 

0. 

0. 

a. 

DRY PROPULSION 



l.Cli 

1 .0 c 

0. 00 

0 , 

0 . 

0. 

0. 

o . 

DRY ATT10. CONT. 

EUS 

3 

1.28 

1.28 

2,30 

23 . 

25. 

30. 

35. 

46. 

' C. 0. FT I. ' 

“ST ‘O' 

2 

1 * ~£ & 

TTZB 

1. til 

35‘. 

36* 

45. 

4C. ' 

58 « 

ELECTRICAL 

S1.0 

2 

1.81 

1.8 1 

1,93 

65 * 

70. 

llfl. 

lie. 

125. 

HISS, EQUIPMENT 

E'JS 

1 

1.08 

1.0 i 

1.00 

40. 

40. 

40. 

40. 

40. 

LANDER 



4 .CD 

0.0 L 

0.00 

Q. 

0. 

0. 

0. 

a. 

RETSIDTJAl S' 



* tiU 

i.ur 

(J . uU 

V . 

u. 

0. 

3* 

a . 

CREW EQUIP. 

EL 


u « 0 J 

u .00 

il . 00 

3 ♦ 

0, 

G. 

0. 

a. 

DRY WEIGHT 



L * ll 0 

0.0. 

0. 00 

2 63. 

334. 

528. 

627 • 

521. 

S.E.P. PROPEL^, 



4.00 

0.0 ( 

i , -ill 

0. 

Q. 

C, 

0 • 

0. 

Ti'AI N PROPECX 



L .03 

0 « 0 c 

li . BJ 

Or • 

~ “0. 

6 • 

0 i 

0 • 

ATT. CONT. PROP. 



0 .60 

0.0 t 

G. GO 

41. 

52, 

137. 

162. 

81 . 

WET WEIGHT 



4.0(1 

0.0 L 

0.00 

304. 

335. 

665. 

789. 

60 2. 

' " A 0 APT ETT HEIGHT 



v .do 

~Q7IK 

TITOS' 

76 « 

1B4. 

L77 # 

17 9. 

3-3. 0 a 

PALLET WEIGHT 



t • 0 u 

0.0 L 

J.OG 

o . 

c ■ 

G. 

0. 

0. 

LAUNCH WEIGHT 



L»UU 

0.8 ( 

C . Gv 

380 . 

569. 

842. 

968. 

713. 




LENGTH 

C r T • > 


4 .0 

4.3 

5.6 

5.9 

0 .0 




Oj-AHETs. 

R (FT.) 


4.5 

4.G 

5.6 

5.9 

10.0 




u ql ijn tr 

t U * FJi3 


fc>£ • B 

7 8 ■ 3 

*1 3ti * i 

• 5 

0.0 




OENSI TY 

(LB/CU.FT) 


4.9 

4.9 

4.9 

4,9 

0.0 




SATELLITE LIFE 


10.0 

10.0 

1.7 

1.7 

10. Q 




MEAN HI SS . _ DURA TI ON 

1.0 

1.0 

1.0 

1.0 

l.Q 


T hICKNESS { IN • ) 

STR. FACT. 

BOOST. QIAM. (FT) 

XU, U3V ‘TFTT~ 
Efl, DiAF. (FT) 
LO PE LG. ) 

~ 01 AH. 1 


.0400 
.1 33 
10*0 


.GOOD 
.183 
1 A- 7 


. D**DD 
. 537 
14,7 


• 0400 
.700 
14.7 


ilSSi 

HISS. 

SAT. ENV. 

SAT. ENVELOPE 
TfOHBETR - (JF FTOOUEEGT 


.0400 
.339 
14, 7 

— rye— 
2.8 
4.0 
14.5 


ts 

1 



CODE NU'lB-'R J 


ITEM 


STRUCTURE 
FNVIRCN. CONT. 

- JID. MflV . t STA"3. 
3. E. P. DRY NT . 
DRY PROPULSION 
DRY ATTID. CDNT. 

C. 0. P. I. 

electrical 

HISS. EQUIPMENT 
LANDER 

REST DUALS - ■ - - 

CR.EH EQUIP. 

DRY WEIGHT 

S.E.P. PROPEL-. 
HAIM PROPELf. — 

at:, cont. prop. 

WET WEIGHT 

ADAPTER" WEIGHT 

PALLET WEIGHT 

LAUNCH HEIGHT 


5 . NN 0“ 5 


36/26/74 




IX = 



. 60 75 




ir-= it 

- 


l.TT3o4 







A 

B 

6ASE 


EXPEND 

RtUSE 

STAND . 

CURRENT 

HDD 



FTTCT OR 

"ACTDE 

FACTOR 

M EIGHT 

TORRENT 

SF O 

10 

If ju 

1.30 

si * 3G 

137 . 

227. 

SF 4 

lti 

1.77 

2.0 6 

1. 00 

17. 

19. 

SEO 

2 

"1.07 

1.07 

1. E6 

7+ • 

74. 



V • V J 

0 . 0 c 

u ■ GO 

0 . 

b. 



1.40 

1 . 0 c 

0 ■ 00 

I . 

0, 

CGI 

7 

1.23 

1.2b 

2.21 

4 J . 

43. 

BL 


* vf u 

— r;ir 


- 26 ". 

— 26. 


LOW COST 
C 0 

EXPEND REUSE 

iteight weight 


SE3 

COM 


3L 


1.61 

1.09 


1.8 J 

1.09 


1.81 

1. 00 


163 

81. 


179. 

81, 


536. 
jo . 
79, 

J . 

0 , 
38, 
26 r 
304. 
66 , 


606. 

35. 

79. 
0. 
o. 

124. 

"26 r 
304. 

80. 


STANDUD 

subsist. 

304. 

30. 

124 

a. 

o * 

86. 

43T — 

304. 

61. 



0.0 c 

U « GC 

U 4 

0. 

u . 

0 . 

□ . 

“■ LiGu 

- Em ■ ■— 

"O.trc 

0 - - 

- r." 

- ■ 0 . • 

G . 

0“. 

ij • 0 0 


U . 00 

0 . 

0. 

0 4 

Q m 

G » 

4 ,<jG 

0.0 1. 

J. 00 

543 . 

65 4. 

1164. 

1463, 

974. 


4 . 0 l 

0. 60 

a . 

0. 

0. 

0. 

0 . 


— ET.1TG 

G; _ UG 

IT. 

-■ "0 . 

Gv - 

“04 

■ ■ ■ Os 

u *00 

0.0 L 

0.00 

127, 

152. 

453. 

569. 

2 28 v 


0 .0 t 

a. og 

670 . 

606. 

1617. 

2032. 

120 2. 

TEtTu 

• 8 . 0 t 

2. GIT" 

64 . ~ ~ 

-170. - 

14JY — ’ 

161. - 

~ I~1G~t — 

a.uO 

0 . 0 t 

u . 00 

0 . 

0. 

0. 

a. 

0 . 

u • D ti 

0 . u L 

0. 00 

73. . 

976. 

1760* 

2193. 

1312, 


LENGTH I-T.) 

7,8 

6.3 

6-6 

9,2 

O.Q 

D1AHETER (FT.J 

5.8 

6,1 

6.6 

9,2 

10.0 

rcttTTT "tcxTr-rT.-r 

205 ; o - 

2t3'.S 

" 492 v 4 "" 

*19.5 

"OvO— 

DENSITY UB/CU.FT) 

3,3 

3.3 

•S 4 

S* j 

0 .0 

SATELLITE LIFE 

7.0 

7. J 

11.7 

11.7 

1 *0 

MEAN Hi SS. QURA TION 

7.0 

7.0 

7.0 

7 mlt 

7.0 

ADAP-T. -LENGTH ' tF"TJ ' - 

— 2.1 

- " 4.3 

3.1 

- "2 .7 

2 .3" 

THICKNESS (IN.) 

.0900 

.0400 

.0419 

.0 460 

• 0400 

STR. FACT. 

.257 

.257 

.499 

.650 

1 339 

BOOST . DI AH . (F TT 

1 0 . E 

14. 7 

14. 7 

14.7 

14. 7 

HI SSl" " EtT. L~Gs CPTl 

HISS. ED. O I A r*. (FT) 

SAT. ENVELOPE LG.J 
SAT. ENVELOPE DIAM.) 
■nomder-of HODlLEST 





4"i0 — 
5.3 
7.0 
14.5 
6.64 


